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“Pressuremeter Special’? Constant Temp. Water Bath 
Complete with supersensitive controls including vac- 
uum tube relay, ter, G.E. motor agitater, iniet, 
overflow, copper construction, and racks for 4 Pres- 


Original 
PRESSUREMETER 
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MANOMETER TYPE PRESSUREMETER 
Highly dependable and quite universally 
known as standard equipment for gassing 


power determinations.. 
EITHER TYPE q 
Price $21.59 GAUGE TYPE PRESSUREMETER 
ee Each! instrument hand calibrated 


(Bowls same as manometer type) 


NATIONAL MFG. COMPANY 


LINCOLN,NEBRASKA 
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CEREAL 
CHEMISTS" 
MANUFACTURE! 


Are you ready for the new-type shoppers — 
men fresh from balanced rations in the 
Armed Services, women who have been 
planning meals on a sCientific as well as 
budgetary basis? 

The cereal industry as a whole is now in a 
fortunate position, having already assumed 


leadership in the food field through the new 
idea of vitamin enrichment 


But that leadership will need to be main- 
tained, with potential customers who calcu- 
late in terms of comparative nutrition as well 
as appearance and flavor—shoppers in a 
mood to change readily their brand alle- 
giances. 

Your wisest insurance, as present regulations 
may be modified, is to keep emphasizing 
both the fact of enrichment and its greater 
health values to the consumer 


CONSULT: 


 HOFFMANN-LA ROCHE , INC. 


VITAMIN DIVISION NUTLEY 10,N.J. 
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“Honest eight— 
No Springs” 


That is the proud motto of the manufacturer of modern scales 
and balances not built on the “spring” principle. Of course, 
“spring” scales are very inexpensive but they cannot always 


be depended upon to give “honest”’ weight. 


That is why the FARINOGRAPH has no springs. 


Instead, the FARINOGRAPH is built on the dynamometer 
principle which is thoroughly modern and scientifically de- 
pendable. The engineering axiom for the dynamometer prin- 
ciple is: “action and reaction are both equal and opposite.” 
That means that the thrust or torque on the shaft of the 
dynamometer, created by the resistance the dough offers to 
mixing, will force the housing of the dynamometer in the 
direction opposite to that of z shaft, and completely com- 
mensurate with the torque. 


The lever system, attached to the dynamometer housing, en- 
larges these movements of the housing in a very definite ratio, 
and the scale system at the other end of the lever system weighs 
them in gram units, and the writing pen connected to the scale 
system records these units on traveling chart paper. 


This rather intriguing 
and modern set-up 
makes the FARINO- 
GRAPH capable of 
measuring consistency 
(viscosity) values in 
metergram units of 
torque, and with a sen- 
sitivity never before at- 
tained. The three-sen- 
sitivity lever extension 
system permits a three 
times and five times, 
respectively, greater 
sensitivity than t 

standard settin, 


You can have one of these latest model FARINOGRAPHS 
at a nominal rental charge per month. Write us for details. 


BRABENDER CORPORATION, Rochelle Park, N. J. 
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For a decade—since 1934, when Ascorbic 
Acid was synthesized—the name Merck 
has been identified with leadership in the 
synthesis, development, and large-scale 
production of pure vitamins. 

The following list of contributions in 
the vitamin field made by Merck chem- 
ists and their collaborators emphasizes 
the outstanding réle played by Merck & 
Co., Inc. in the development of these 
vitally important su’ 


1934. 1939 1940 
Ascorbic Acid Merck Vitamin Be was synthe- Calcium Pantothenate 
(U.S.P.) was made avail- sized in Merck Re- tory, a biologi- 
able by Merck & Co., Inc. search Laboratories. cally active form of Panto- . 
thenic Acid, was made 
1940 commercially available by 


1936 


Vitamin B: was synthe- 
sized in the Merck Re- 
search Laboratories. 


1937 


Thiamine Hydrochloride 
Merck (U.S.P.) was made 
available in commercial 
quantities. 


1938 


Nicotinic Acid Merck 
(U.S.P.) (Niacin) and Nic- 
otinamide Merck ‘U.S.P.) 
(Niacinamide) we-e 
commercially available. 


1938 
Riboflavin Merck (U.S.P.) 
was the pure crys- 


talline vitamin to reach 
commercial production 
during that year. 


Alpha-Tocopherol (Vita- 
min E) was identified and 

nthesized by Merck 
c ists and their collabor- 
ators in other laboratories. 


Vitamin Be H rochloride 


Merck 37 oxine Hy- 
drochloride) became avail- 
able in commercial quanti- 
ties. 

1940 

Alp! Merck 
(Vitamin ) was made 

y available. 

1940 


Vitamin K; Merck (2-Meth- 
yl-3 -Phytyl-1,4-Naphtho- 
quinone) was made com- 
mercially available. 


1940 


Menadione Merck (U.S.P.) 
(2- Methyl -1,4-Naphtho- 
quinone), a pure chemical 
having marked Vitamin 
K activity, became avail- 
— in commercial quanti- 


1940 


Pantothenic Acid, member 

of the Vitamin B- Complex, 

was identified and synthe- 

sized by Merck chemists 

and AL collaborators in 
other laboratories. 


Merck & Co., Inc 


1943 


Biotin, member of the Vi- 

tamin B-Complex, was 

thesized in the Merck 
Laboratories. 


1944, 


Biotin Merck was made 
available for investigative 
use by Merck & Co., Inc. 


Merck & Co., Inc. now 
manufactures all the vita- 
mins commercially avail- 
able in pure form, with the 


THE: 
CEREALAND 
BAKING INDUSTRIES: 
Merck i 
Enrichment Ingredients 
Enrichment Mixtures. 

Merck 


MERCK & CO., Inc. RAHWAY, N. J. 
‘ Manufacturing Chemésts 
New York, N.Y. + Philadelphia, Pa. * St.Louis, Mo. * Elkton, Va. 
Chicago, Ill. + Los Angeles, Cal. 
In Canada: MERCK & CO., Ltd., Montreal and Toronto 
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A typical assembly of the “Spectropho- 
telometer” and accessories for work in 
the visible wave lengths. 


Features of Excellence 


+ EASE OF OPERATION The Cenco-Sheard “Spectrophotelometer” is 
excellent for accurate and economical spec- 

ACCURACY AND REPRODUCIBILITY 
OF MEASUREMENTS tral transmission measurements in research 
or control. More than a hundred of these 
+ FACILITY FOR CHECKING CALIBRA- instruments are being used daily in educa- 
TION tional and industrial laboratories. For work 
in the visible range of 380 to 700 millimicrons, 
the 1 cm. cell unit, complete with light source 
+» NEGLIGIBLE STRAY LIGHT EFFECT and all necessary accessories, may be pur- 
chased for $572.90. The 5 cm. cell unit, 
covering the same range, complete with ac- 
cessories, sells for $577.90. The 1 cm. out- 


+ NOMINAL BAND WIDTHS FROM 214 fits are equipped to handle 14 inch test tubes. 
TO 20 MU. Write for other detailed information. 


+ RAPIDITY IN MAKING READINGS 


« ADAPTABILITY FOR VARIOUS SIZES 
AND KINDS OF ABSORPTION CELLS 


CENTRAL SCIENTIFIC COMPANY 


SCIENTIFIC INSTRUMENTS CNG LABORATORY APPARATUS 
NEW YORK TORONTO CHICAGO BOSTON SAN FRANCISCO 
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home forty miles away 


When a shift lets out at Corning Glass Works these days, 
the local bus stops become very busy spots. For men and 
women from ‘'40 miles around” travel back and forth each 
day, from home to factory, to help make the glassware so 
urgently needed by our Armed Forces and the Home Front. 

These new employees, loyal and willing, have helped to 
replace over 2200 Corning workers now in our country’s 
service. And they are doing a fine job. 7 can, however, 
be used only on certain processes. 

For a skilled glass worker does not acquire that skill over- 
night. It takes years of experience and specialized training to 
become a good lamp shop worker, able to fabricate an intri- 
cate piece of special apparatus. 

That is why your laboratory supply dealer may at times be 
unable to furnish you with all the Pyrex, Vycor and Corning 
brand laboratory glassware you need. And it is also the 
reason Corning’s lamp shop finds it difficult to extend the 
same satisfying service as in peacetime. 

You will, however, share Corning’s satisfaction in the 
work of these thousands of new employees, because while the 
' Home Front must sometimes wait, the needs of our Fighting 
Fronts for laboratory glassware are adequately supplied. 


“Pyrex,” ““Vycor’’ and ‘‘Corning’’ are registered trade-marks 
and indicate manufacture by 


CORNING GLASS WORKS, CORNING, N. Y. 


BALANCED FOR ALL-AROUND USE 


means 


brand LABORATORY GLASSWARE Research in Glass 
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“Tortoise Salt” 
vs Hare Salt’ 


One of our most difficult problems 
in selling Diamond Crystal Salt is 
the apathy of food technologists and 
salt buyers toward salt. Too often 
they dismiss it by saying, ‘Oh, well, 
salt is salt.” 


Take solubility: In salting butter, 
salt must dissolve with lightning 
speed. If the butter fat is on the 
soft side—lacking in body—at cer- 
tain seasons, butter salt must dis- 
solve so quickly that over-working 
is avoided. Otherwise, the butter 
may lose its desirable physical prop- 
erties and become mottled or mar- 
bled—and may lose its moisture, 
become leaky. Yet, if the salt is not 
properly dissolved, the butter may 
be gritty. On the other hand, in 
salting cheese, slow solubility of salt 


is highly important and desirable. 
For otherwise, salt is lost in the 
whey, producing flat, undersalted 
cheese. 

To meet these problems, we have 
set up definite solubility standards 
for Diamond Crystal Salt. Our 
Diamond Crystal Butter Salt, for 
example, dissolves completely in 
water at 65° F. in less than 9.8 sec- 
onds—average rate, 9.2 seconds. 
That is why so many quality-minded 
food processors have learned to de- 
pend on Diamond Crystal products, 
manufactured under strict quality- 
control standards for solubility rate. 


NEED HELP? HERE IT Is! 


If salt solubility enters into your 
processing, drop a line to our Tech- 
nical Director. He will be glad to 
recommend the correct grade and 
grain of Diamond Crystal Salt for 
best results in your plant. Diamond 
Crystal, Dept. M-5, St. Clair, Mich. 


DIAMOND CRYSTAL SALT 
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These two powerful Dow fumigants provide the answer 
to practically every food fumigating requirement. 
Dow Methyl Bromide Dow Chloronicrin 
Because of its penetrating power— This well-known fumigant is espe- 
unmatched by any similar product _ cially well adapted for use in buildings 
. —Dow Methyl Bromide reaches the _ not sufficiently well constructed to 
center of 140-lb. bagsofgrainstacked confine other gases. It is also widely 
' in large piles. It quickly accomplishes — used for rodent control, since very 
> a complete kill of rodents and in- _ small quantities properly placed, will 
1 sects in all stages of development dispose of them in a hurry. Where 
and, because it vents rapidly, per- “spot” fumigations are desired be- 
r mits a return to work the following cause of localized infestation, Dow 
l morning. Chloropicrin is thoroughly reliable. 


Additional information on these two powerful answers to fumigation problems 
is available on request, or Dow can put you in touch with a competent industrial 
fumigator specializing in the food field. 


THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 


New York ¢ Boston « Philadelphia « Washington « Cleveland e Detroit 
Chicago « St. Louis *« Houston « San Francisco « Los Angeles @ Seattle 
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Better — 
Je KJELDAHL NITROGEN APPARATUS 


Your Choice of 
Many Arrangements 


Pictured—Combination Digestion and Dis- 
tillation Unit, Electrically Equipped 
and with 3 heat switches. 


Detailed specifications and full in- 
formation will be sent on request 
without any obligation on your part. 


Also 


LABORATORY EQUIPMENT TABLES 
“GOLDFISCH” ELECTRIC HEATERS 
“GOLDFISCH” EXTRACTION APPARATUS 
CRUDE FIBRE APPARATUS 
“LABCONCO” WIDE RANGE GAS BURNERS 


Catalogue on Request 


Your inquiry is invited. No trouble to submit proposals on 
your requirements and, of course, without obligation to you. 


Manufactured and sold direct to the user by 


Laboratory Construction Company 
1113-1115 Holmes Street, Kansas City, Missouri, U.S. A. 
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METHODS FOR DETERMINATION OF ALPHA-AMYLASE. 
I. CLASSIFICATION OF ENZYME ASSAY METHODS, 
STANDARDIZATION OF SAMPLES, AND CALI- 
BRATION OF MODIFIED PROCEDURES! 


Quick LANDIs? 


The Fleischmann Laboratories, Standard Brands, Inc., New York, N. Y. 
(Received for publication July 31, 1944) 


Practically all enzyme assay methods depend upon the observation 
of some change related to the substrate upon which the enzyme is 
acting. If this substrate occurs naturally with the enzymic material 
. and if no substantial quantity of additional substrate of known or 
definite susceptibility is added for the analysis, the method is generally 
termed autolytic. Such methods measure the summation of the 
several factors of enzymic ce: tent or concentration, substrate sus- 
ceptibility, and concomitan’ effects which may be produced by 
accompanying enzymes. Although leaving much to be desired in the 
way of complete information concerning the enzymic characteristics 
of a sample of material, such procedures are used to a considerable 
extent in certain industries, where an integrated result will frequently 
suffice for process control. Of more significance is the actual enzyme 
concentration of the sample, particularly since enzymic concentrates 
are gaining in importance. Our discussion will be confined, therefore, 
to that major class of methods which undertake to determine enzyme 
content, i.e., the enzymic “‘strength”’ of the sample. 


Types of Analytical Procedures 


The procedures for determining enzyme concentration may be 
simple or complicated, and may exhibit widely varying degrees of con- 
venience and precision, provided only that they be specific, 7.e., that 
they determine only the concentration of the enzyme for which the 
analysis is made. If two enzyme concentrates are diluted to the 
point where they produce identical conversion in equal times, the 
strengths of the two preparations are obviously directly proportional 


1 Edited Sutton Redfern from manuscripts of a paper read by Quick Landis at the Annual 
Convention, y 1943. 
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to the dilution. This is the original principle of Lintner (1886), and 
might be classified in a category described as “equivalence by super- 
position.”’ It would appear that sucha procedure is quite tedious, and 
in general would require interpolation, for it is unlikely that the 
correct dilution could always be obtained in a reasonable number of 
trials. It was soon found, however, that the time required to produce 
a constant arbitrary degree of conversion was, in general, inversely 


TABLE I 
ENZYME AssAys—CLASSIFICATION OF ANALYTICAL PROCEDURES 


Main feature or principal Authors ~ 
I Equivalence by Lintner (original Dilution oe +441 
superposition method) 
II Constant conver- | Wohlgemuth; Oster- | Time + +4! 
sion (variable hout; Blom and 
time) Bak; Sandstedt, 


Kneen, and Blish 


III Constant time Kjeldahl; Anson; Conversion +++ +++? 
(variable conver- | Jozsa and Johnston 


sion) 
IV Variable conver- | Landis and Frey Concentra- +4+4+ ++? 
sion and time tion 
(functional) 
V Reaction kinetics | Nelson and Hitch- React. veloc. +4 +++ 
(a) React. ve- cock; Willstatter constant 
locity const. and Kuhn; Irving, 
Fruton, and Berg- 
mann 
(b) Initial rates | Northrop; Johnston | Rates + ++ 
and Jozsa (stand- 
ardization only) 
1 Requires interpolation. 2 Requires calibration. 3 Requires extrapolation. 


proportional, within limits, to the concentration of enzyme. This is 
known as the “inverse time-concentration rule’’ of Osterhout (1918) 
and methods based on it such as that of Wohlgemuth (1908) are much 
more convenient than Lintner’s original procedure. However, inter- 
polation is usually still required, except in those cases where the con- 
version can be obtained as a continuous function of time. Still more 
convenient procedures adapted to routine assay are those wherein a 
variable degree of conversion at a conveniently chosen constant time 
is related empirically to the enzyme concentration. Such a procedure 
can be made to yield very precise results, but it requires calibration, 
i.e., the empirical relationship between conversion degree and enzyme 
concentration must be established. For an enzyme which obeys 


| 
— 
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Kjeldahl’s (1876) rule of proportionality, the relationship is very 
simple; for others, such as most proteinases on protein substrates— 
Anson (1939), and alpha-amylase on starch paste, Johnston and Jozsa 
(1935)—it may be complex and best recorded as a calibration curve. 
Finally, most convenient might be a procedure wherein the observation 
could be made at the convenience of the operator, within limits, two 
variables being simultaneously recorded, time and conversion. The 
calibration in this case would be a three dimensional plot, so that 
perhaps the best treatment is to express the relationship in the form 
of an equation giving the functional relationship between the enzyme 
concentration and the time of conversion. . 

Some enzyme assay procedures are based on the direct measure- 
ment of reaction kinetics. Within a limited range of enzyme-substrate 
concentration ratios, where a large excess of substrate is avoided, and 
the Michaelis equilibrium constant indicates nonsaturation of the 
enzyme, the reaction follows the well-known monomolecular law, and 
the reaction velocity constants are found to be proportional to the 
enzyme concentration. Again, in the presence of excess substrate the 
initial rates are proportional to the enzyme concentration over a con- 
siderable range and may be used for assay purposes. However, such 
procedures are often unsuited for routine work. A summary of the 
different assay methods is given in Table I. 


Units: Enzyme Units and Activity Units 


Enzymes have long been recognized as catalysts: they increase the 
rate of some specific reaction. Recently the work of Sumner (1926), 
Northrop (1932), and others has rather conclusively established the 
fact that they are chemical entities whose molecules are primarily 
protein in nature. Normally one unit of such a chemical substance 
would be considered as one mol of the pure material. However, this 
is an inconveniently large quantity (at least 25,000 g, about 70 Ib), so 
that it is more practical to take one micromol of the enzyme as the 
basic unit. But until the pure enzyme can be obtained some other 
amount is usually arbitrarily chosen as the unit; a quantity which 
must bear a definite numerical ratio to one micromol, and the strength 
of a preparation of the enzyme is expressed by a figure which repre- 
sents a certain number of micromols per unit weight of the concentrate. 
Its activity will, of course, depend upon the conditions under which it 
is to act in its catalytic function; the temperature, concentration, type 
of substrate, its susceptibility, and so on. Now long before we learn 
enough about the chemical and physical properties of an enzyme to 
prepare it crystalline and pure we have developed methods of measur- 
ing its concentration, and express that concentration in units which, 
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as we have noted, are directly proportional to the molecular concen- 
tration of the enzyme—a quantity which obviously does not change 
with time, temperature, type of substrate, or other such conditions. 
Such a unit we therefore designate as an enzyme unit; even though it 
may be an odd multiple of a micromol. We know when we have one 
such enzyme unit by the activity which it exhibits under any one given 
set—frequently of several sets—of conditions, and we commonly 
express this activity in terms of the catalytic effect produced by the 
enzyme, 1.e., by the rate of conversion of the substrate or the amount 
converted in a given time. Such rate of conversion units are cus- 


TABLE II 
RELATION OF ENZYME Units To Activity UNITs 


Pepsin, 15. 14% N; M.W., 36,000; 5.44 10° mg N/mole. One proteon = 1 
Anson Hb activity unit = 6, 06X10" molecules (1 micromol) 


Act./ Act. units | Act. units | Molecules 
Substrate Method Act. unit mg N per per per 
proteon mol act. unit 
Gelatin visc. 1%/min 14 76 |7.6X107 | 4.6x 10" 
Casein visc. 1ofmin 1200 | 6500 | 6.5% 10° | 4.010" 
Edestin visc. 730 4000 |4.0X10* | 2.4x« 
Milk clotting const. conv. |4.3X 105 2.3 10® | 2.3 10"! 1.4x 10* 
Casein sol. N 1 mg/min 0.43 2.3 2.3 10* | 1.4 10% 
Edestin sol. N 1 mg/min 0.40 2.2 2.2 108 | 1.2 108 
Casein formol 1 me/min 0.11 0.60 |0.6X10* | 3.6x 10"* 
Edestin formol 1 me/min 0.13 0.71 0.7108 | 4.3x 10° 
Hemoglobin | sol. tyrosine: | 1 me'/min | 0.184 1.0 1.0X 10* | 6.06 10" 


1 Refers to milli-equivalent. 


tomarily designated as activity units, and of course are variously related 
to the corresponding enzyme unit, depending on the conditions. It is 
believed that failure to distinguish clearly between the nature of 
enzyme units and the corresponding activity units has been the cause 
of much uncertainty in the field of enzyme assay. 

Let us consider the example afforded by the work of Northrop 
(1932) on pepsin. Some dozen different methods and substrates were 
utilized by him in his search for the technique of purification and 
final crystallization of this enzyme, a few of which are shown in Table 
Il. Fortuitously, one method developed by Anson (1939) happened 
to lead to substantial numerical equivalence between the observed 
activity and one micromol of pepsin as finally purified; we therefore 
take one micromol of the enzyme as one enzyme unit. Thus, one 


micromol is also numerically one Anson hemoglobin activity unit. 
But it is 76 gelatin viscosity units, 6,500 casein viscosity units, 
2.3 X 10° milk clotting units, 2.2 edestin soluble nitrogen units, 0.6 
casein formol units, and so on. 


Note the multiplicity of substrates 


e . 
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used, all of which give activity unit values which are not simple integral 
' multiples of the fundamental enzyme unit, one micromol. Surely 
there is a clear distinction between the amount of enzyme substance 
or the number of enzyme molecules in a unit weight of a malt or con- 
centrate of that malt and the rate of conversion of a given substrate 
which it will effect under a given set of conditions. The two are 
related by a factor, but that factor will depend on the conditions. 
What is the nature of this factor, what are its fundamental dimensions? 

It would appear that activity units, expressed as they are in terms 
of substrate conversion (mass) per unit time (or specified time) per 


TABLE III 
EnzyME AssAys—CLASSIFICATION OF UNITS 


Type Unit Dependence 
I. Enzyme units (a) Micromol (Conc. micromol /1) Independent of 
(b) Some definite fraction of a mol conditions 
II, Interaction (kinetic) (a) Activity gt . Dependent on 
units (b) Power unit Rate of conversion conditions 
III. Substrate units (a) Amt. conv. in specified time Dependent on 


(b) Percent conversion or convertible _ past history 
(c) Susceptibility; e.g. 


1 Double integration of this equation, where R =susceptibility, leading to two arbitrary constants 
whose values depend on the conditions, gives the amount cf conversion, S, as a function of time, ¢, 
enzyme concentration, ¢, at constant temperature, 7. The equation has been found valid for-the 
early stages of the saccharification of flour starch by malt amylases, but may not be universally applic- 
able in exactly the form given (unpublished results). 
unit or specified volume of reacting mixture, would have the following 
dimensions: M'L~*T-*. On the other hand, we have seen that enzyme 
units are appropriately expressed in terms of number of molecules, or 
some figure directly proportional to it, per specified amount, unit - 
weight or volume, of material, independently of time or temperature, 
so that their fundamental dimensions would be expressed as: M'L~. 
The conversion factor from enzyme units to activity units must 
therefore include the dimensions of time. Eventually we may find it 
necessary to recognize three types of units: enzyme units, substrate 
units, and interaction units, as briefly outlined in Table III. Activity 
units and power units are appropriately classified as interaction units. 


Definition of Units 


Until the activity of a known concentration of the pure enzyme 
can be observed, precise definitions of these units are necessary. The 
activity which one unit of the enzyme will exhibit is carefully defined 
in terms of its catalytic effect under a definite and precisely described 
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set of conditions. Standardization of a sample then consists in ob- 
serving the activity produced by a known amount of the sample 
under these carefully chosen conditions (which may be entirely un- 
suited to routine assay of the enzyme), and determining from the 
definition of the enzyme unit the concentration of the enzyme in the 
sample, as expressed in these arbitrarily chosen units. 


Nomenclature 


Since we have as yet succeeded in purifying only a few enzymes it 
would seem desirable in order to clarify our concepts to designate our 
enzyme units by appropriate terminology. Thus, if the enzyme suffix 
be -ase or -in, the substrate suffix -ose, -in, or -ide, the enzyme unit 
suffix might be -on or -am. Table IV shows examples of a proposal for 


TABLE IV 
NOMENCLATURE 
Enzyme Substrate Enzyme unit Activity unit 
suffix suffix suffix 
-ase -ose -on 
-In an -am 
ide 
Invertase inverton 
sucrase sucrose sucron 
Proteinase protein proteon 
Peptidase peptide peptidon 
pepton Conversion rate, 
grams, pounds, or 
Maltase maltose malton mols of substrate 
per unit time 
Alpha-amylase starch, amylose, liquefon, dextrinon, 
(liquefying, dextrins (alpha) amylon, 
dextrinizing) alpham 
Beta-amylase amylose, dextrins Saccharifon, 
(saccharifying) (beta) amylon, 
betam 


a system of nomenclature in this field. By virtue of the starch lique- 
fying action of alpha-amylase and because the nomenclature of the 
amyloses was in very unsatisfactory condition at the time, Jozsa and 
Johnston (1935) named their alpha-amylase unit the “‘liquefon.”” We 
would propose the continuation of this term, since the liquefon scale 
has been in use in the technological field for about 8 years. Since 
beta-amylase is most active in its saccharifying capacity, we would 
suggest the term “‘saccharifon” for the unit of this enzyme. New 
methods utilizing variously modified starches or their derivatives for 
substrates may be devised, but the amylolytic strength of enzymic ma- 
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terials would be expressed in terms of liquefons and saccharifons per 
gram. Their activity, once the conditions were known, could then 
be calculated from their known enzyme content. 


Calibration of Analytical Procedures 


The great variety of assay methods available for enzyme analysis 
has been indicated in Table I. Any convenient procedure may be 
adopted which is specific for the enzyme in question. Those routine 
procedures wherein the observed activity is not directly proportional 
to the enzyme concentration in particular require calibration. By 
calibration we mean the establishment of a relationship between the 
observed activity and the concentration of enzyme producing it. 
Calibration is also necessary when a revised or modified procedure is 
adopted, as exemplified by the work of Anderson and Sallans (1937) 
in establishing the new procedure for diastatic power. For example, 
Hollenbeck and Blish (1941), and Kneen, Beckord, and Sandstedt 
(1941) have shown that both the viscosity procedure of Johnston and 
Jozsa (1935) and the dextrinization procedure of Sandstedt, Kneen, 
and Blish (1939) are specific for malt alpha-amylase. Hence, either 
procedure may be adopted according to the personal preference of the 
operator, and the temperature and reaction time or conversion degree 
also selected to suit his convenience. In cool climates 20° might be 
a desirable operating temperature; in warmer regions 30° or even 35° 
is much more easily maintained with conventional thermostats. Reac- 
tion times may be made very short, even 10 min, by increasing the 
concentration of enzyme used, although then uncertainties as to the 
measurement of the beginning of the reaction begin to be large. In- 
creasing the concentration of substrate in the dextrinization procedure 
might be expected to prolong the time required to reach the constant 
degree of conversion which forms the basis of the Sandstedt, Kneen, 
and Blish (1939) method. Decreasing the substrate concentration 
might reduce the color intensity to a point where a photoelectric 
colorimeter could be used, and might also increase the sensitivity of 
the method. The intensity of color produced after a constant time 
of conversion might be related by an empirical curve to the enzyme 
concentration. Modifications such as these would all be calibrated 
with a standard sample. 

In general, calibration of any procedure, once the details have been 
selected and the operator has become familiar with them, is accom- 
plished by running through the procedure with several dilutions of one 
or more standard samples of known enzymic content. An empirical 
relationship, which may or may not be linear, is derived between the 
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measured activity and the number of enzyme units producing it. 
This empirical relationship or curve is applicable only to the particular 
modification of procedure adopted, and if such should change with 
use or with change in operators a new calibration is readily made. In 
actual practice an operator will usually run a standard along with 
each series of unknowns, until satisfied that this technique is repro- 
ducible. Note that the only restriction on the procedure is that it be 
specific; temperature, conversion degree, reaction time, volume of 
reacting mixture, etc., can be set to the operator’s convenience. But 
the standardization of the sample used for calibration is in quite a 
different category. 
Standardization of Samples 


There have been two general methods of standardization developed, 
one due to Anson (1939) and the other to Johnston and Jozsa (1935). 
Both depend on the definition of an enzyme unit as the amount of 
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Fig. 1. Standardization. Anson method: Extrapolation to zero concentration. 


enzyme producing a specified catalytic effect or rate of conversion, 
1.e., activity unit, under a set of specified conditions, which may or 
may not be like the set of conditions adopted for the routine assay 
of the enzyme. 

Figure 1 gives the principles of the Anson method. The con- 
version produced in a given constant time by increasingly great 
dilutions of the sample to be standardized is obtained under the con- 
ditions specified in the definition of the enzyme unit. Conversion is 
plotted against the concentration, the curve extrapolated to zero con- 
centration and the tangent drawn from the origin. On the assumption 
that there are no inhibitive influences operating over the conversion 
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period. selected as the enzyme concentration approaches zero, this 
tangent will give the relationship between activity units and sample 
concentration as indicated. From the definition the enzymic content 
of the sample is derived, and is then used to calibrate the procedure 
devised for routine analysis. 
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CALIBRATION 
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| 4 


CONCENTRATION OF ENZYME 
IN ENZYME UNITS 


STEP 3. CALIBRATION OF PROCEDURE 
Fig. 2. Standardization. Johnston and Jozsa method: Extrapolation to zero time. 


The Johnston and Jozsa method, as shown in Figure 2, is somewhat 
more meticulous, but demands no assumptions as to the effect of in- 
hibition of the enzyme as its concentration approaches zero. The 
conversion produced as a function of reaction time is obt2ined for 
various concentrations of the sample to be standardized, and the curves 
extrapolated to zero time. The initial rates, i.e., the rates at the 
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beginning of the reaction, are then plotted against the concentration 
of the sample, and the amount of sample corresponding to one enzyme 
unit is determined in the same way as in the Anson method. This 
standard sample is then used to calibrate the routine procedure. 


Summary 

Enzyme assay methods are classified according to their main 
feature or principle and as to the author’s opinion of their relative 
convenience and precision. 

The concept of an enzyme unit as a micromol of the substance is 
proposed. The activity of an enzyme is expressed in rate of con- 
version units, so that the factor relating enzyme units and activity 
units has the dimensions of time. A system of nomenclature is pro- 
posed, the enzyme unit being designated by the suffix -on or -am. 
Pending isolation of the pure enzyme, the unit must be defined in 
terms of its activity under a precisely specified set of conditions, which 
may be entirely unlike any used for assay purposes. A sample is said 
to be standardized when its enzymic content is determined from its 
activity under these precisely defined conditions. Any assay pro- 
cedure may then be calibrated by the use of this standard sample. 
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The yield of ethanol to be expected from a given quantity of raw 
material depends on (1) the starch and pentosan content of the grain, 
sugar beets, or potatoes, and on (2) the aim of processing this material 
with special reference to the technique selected. For instance, a plant 
producing large quantities of compressed yeast by means of aeration 
obtains less alcohol from the same raw material than a distillery using 
the old Vienna processus. In turn, the latter plant will make less 
alcohol from the same quantity of raw material than a distillery of 
grain thick mash. In the same way, a factory intending to obtain 
feeding stillage from potatoes (in other words, leaving the carbohy- 
drates partly unfermented) will produce lesser quantities of alcohol, 
than a distillery which endeavors to fully utilize the starch mash for 
obtaining alcohol. 

The purpose of this study was to establish, under certain predeter- 
mined laboratory conditions, the highest possible amount of ethanol 
obtainable from wheat hydrolysates and stillage. Increased attention 
was to be paid, in this connection, to the application of enzymological 
studies of recent years with the genus Fusarium (Nord, 1940; Sciarini, 
Mull, Wirth, and Nord, 1943), which indicated the possibility of the 


1 The work presented in this communication was done under a contract, recommended by the 
Wheat-Alcohol Research Committee, between the War Production Board and Fordham University, 
with F. F. Nord in charge 
2? Communication No. "38. 
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practical utilization of pentoses subsequent to the orthodox - yeast 
fermentation of hexoses. 

It is stated (Foth, 1929) in the literature that the hexose utilization 
of acid hydrolyzed mashes is about 90 to 95% e‘ficient. However, 
attention was drawn recently (Christensen, 1943) to the fact that the 
present processes are actually only about 83% efficient. Moreover, it 
should also be ‘remembered that when treating starchy materials with 
dilute acids under high temperatures and pressure, the simple hydro- 
lysis is accompanied by side reactions which’ may influence the subse- 
quent enzymatic utilization. 

As the main purpose of the work was the investigation of the 
amount of alcohol that could be obtained from the pentoses of the 
wheat after the hexoses had been removed by a yeast fermentation, 
the first consideration was the establishment of those conditions which 
would give good yields of alcohol with the yeast used, so that the con- 
tent of fermentable hexoses would be reduced to a minimum before the 
pentose fermentations were carried out. 


Experimental 

Materials 

Wheat: Dark northern spring was obtained from the Norris Grain 
Company, Peoria, Illinois, through the Commodity Credit Corporation, 
Chicago, Illinois. 

Barley Malt: ‘‘High diastatic power,” courtesy of Wallerstein 
Laboratories, New York, N. Y. 

Yeast: Compressed bakers’ yeast through the courtesy of the Na- 
tional Grain Yeast Corporation, Long Island City, N. Y. 

Fusarium lini Bolley No. 309 from the North Dakota Agricultural 
Experiment Station, through the courtesy of Dr. W. E. Brentzel. 

Fermentation stillage was obtained from the U. S. Industrial 
Chemicals, Inc., Yonkers, N. Y. 


Methods 

Etuyt ALCOHOL: Where the concentration of alcohol was of the 
order of 5 g/100 ml, the fermentation mash was made slightly alkaline 
with sodium hydroxide, and approximately 75% of the original volume 
was distilled over. The quantity of alcohol in the distillate was then 
determined by ascertaining the specific gravity at 25°C (thermostat) 
with a 25 ml pycnometer. 

In those fermentations where the quantity of alcohol obtained was 
less than 1 g/100 ml, the alcohol was determined by oxidation with 
dichromate (Janke and Kropacsy, 1935). In this procedure, carbo- 
hydrates were removed by precipitation with calcium hydroxide-copper 
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sulfate (Van Slyke, 1917). A small quantity of silver sulfate was 
added, prior to distillation, to the filtrate obtained from the foregoing 
treatment, to remove any aldehydic compounds that might be present. 

CARBOHYDRATES: Total reducing sugars (calculated as glucose) 
were determined by the method of Munson-Walker (A.O.A.C., 1940), 
with direct weighing of the cuprous oxide formed. Appropriate dilu- 
tions were made to bring the concentrations of reducing sugars within 
the range of the method. Any possible interfering saccharoids or 
proteins were removed by precipitation with zinc hydroxide (Friede- 
mann, 1938). 

PENTOSES: This determination was carried out by distilling the 
sample according to the A.O.A.C. method, with the exception that the 
distilling flask was heated with an external oil bath maintained at a 
temperature of 155-160°C. The furfural content of the distillate was 
then determined by precipitation with 2,4-dinitrophenylhydrazine and 
weighing the hydrazone (Reynolds, Osburn, and Werkman, 1933). In 
those experiments where pentoses were determined in the presence of 
nitrates, the latter were first removed by precipitation with nitron 
(Prodinger, 1940). 

All pH determinations were made electrometrically using a glass 
electrode. For adjustment of pH, sodium hydroxide, sodium car- 
bonate, or sulfuric acid was used. 

The mold, Fusarium lini Bolley, was maintained on a stock culture 
medium of the following composition: 


20.00 g d-xylose 
1.00 g potassium nitrate 
1.50 g potassium dihydrogenphosphate 
0.75 g magnesium sulfate, crystalline 
trace copper sulfate 
trace zinc carbonate 
1 liter tap water 


This mold was transferred at periodic intervals of 2 weeks. Inocula- 
tions were made by adding 2 ml of a spore-mycelial suspension to each 
flask with a sterile, hypodermic needle. This suspension was pre- 
pared by growing the mold on a solid medium contained in a 125 ml 
Erlenmeyer flask at 28°C. The medium for this purpose was the same 
as that already described but supplemented by 20 g of agar. After 
growth had taken place for a period of 8-12 days, 50 ml of sterile, 
distilled water was added and a spore-mycelial suspension prepared 
by scraping the surface of the plate. 

Sterilizations of the media were made at 15 lb pressure for 20 
minutes in those experiments involving Fusaria. In the yeast fer- 
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mentations, the media were not sterilized, but proper cleanliness was 


observed. 
Incubation temperatures were 28 and 37°C for the mold and yeast 


experiments, respectively. 


Acid Hydrolyzed Wheat Mashes 
The results of preliminary fermentations of pure carbohydrate 
solutions are recorded in Table I. From them it can be seen that the 
best alcohol yields were obtained with medium No. 3, which was then 
adopted for all subsequent yeast fermentations. In these, as well as 


TABLE I 
FERMENTATION * OF GLUCOSE AND GLUCOSE-XYLOSE MIXTURES BY YEAST 


Alcohol pH 
Medium? Glucose Xylose 
Found Percentage? Initial Final 
2/100 ml g/100 ml 2/100 ml 

1 14.00 a= 6.10 * 85.2 4.8 3.8 
1 14.00 os 6.22 87.0 4.8 3.8 
2 14.00 - —_ 5.95 83.1 — 3.6 
2 14.00 — 6.17 86.2 — 3.6 
3 14.00 — 6.45 90.14 6.7 3.5 
3 14.00 — 6.25 87.3 6.7 ao 
4 14.00 —_— 6.14 85.8 4.4 3.4 
4 14.00 — 6.16 86.1 4.4 3.5 
3 13.50 1.50 6.08 88.2 6.7 3.6 
3 13.50 1.50 6.06 87.8 6.7 3.6 
3 13.50 1.50 6.08 88.2 6.7 3.6 


1 Fermentation time: 64 hours. Note that this is longer than with mashes, as the latter, judging 
by carbon dioxide evolution, were fermented much more rapidly. 
? Medium 1: 1.36 g KH ate 
2: no inorganic sa. 
3:0.2¢8 0.1 § 0.02 g MgC!>, 0.02 g KCI 
4:0.5 g KH2PO., 0.5 g KNOs, 0.08 g MgSO.-7H20 
(fungus medium) 
Above quantities per 100 ml. Batches of 500 ml fermented. 
3 Calculated on the basis of complete utilization of glucose. Analyses after fermentation showed 
only insignificant or total absence of reducing compounds. 
* Parailei fermentations of four more trials gave percentage yields of: 91.1, 91.4; 90.8, and 90.4. 


in all experiments involving yeast fermentations of acid hydrolyzed 
wheat mashes, the mash was fermented in batches of 250 or 500 ml, 
2 g of yeast per 100 ml being added. After approximately one half 
of the fermentation period had elapsed, an additional 1 g of yeast per 
100 ml was added. In the case of the acid hydrolyzed wheat mashes, 
the fermentation period employed was 24 hours for a quantity of 250 
ml and 40 hours for 500 ml. Air and moisture were excluded from the 
fermentation vessels, and loss of alcohol was prevented by means of a 
sulfuric acid trap connected to the flask with a rubber stopper. 
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The moisture content of the wheat used was 11.6% as determined 
by the A.O.A.C. (1940) method of heating at 135°C. 

The total reducing sugar content of the wheat, as determined by 
direct acid hydrolysis, amounted to 73.71%. The reducing sugar 
content of the wheat, as determined by malt hydrolysis, with subse- 
quent acid hydrolysis, amounted to 61.59%. The pentose content of 
the wheat amounted to 7.15%. These values are all on a wet basis: 

The acid hydrolysis of wheat was carried out as follows: To 265 g 
of finely ground wheat was added 975 ml of water, the mixture stirred 
and heated to 80°C. One hundred fifty milliliters of 2.25 N HCl was 
added and the mixture autoclaved for 1 hour at 22 lb pressure. After 
cooling, the wheat particles were removed by filtration through coarse 
filter paper, nutrient salts added, and the acidity adjusted with sodium 
hydroxide. The total reducing sugar and the pentose contents were 
then determined. After fermentation, the yeast was removed by 
filtration through an asbestos mat. Alcohol, total reducing sugar, and 
pentose contents were determined in the filtrate. The results of these 
experiments are recorded in Table II. 


TABLE II 
YEAST FERMENTATIONS OF HCL-HyDROLYZED WHEAT MASHES 
Second yeast 
Before After H fermentation. 
fermentation fermentation Fer- P Total reducing 
Sugar menta- sugars 
Run fer- Alcohol | tion 
mented effi- 
Total Total ciency! 
reducing| Pentose|reducing| Pentose Initial) Final) Before | After 
sugars sugars 
g/100 ml\g/100 ml\g/100 ml\g/100 ml\g/100 mi\g/100 ml % 2/100 ml\ 2/100 ml 
1 14.97 1.46 2.22 —_— 12.75 5.39 82.7 6.7 5.1 —_ — 
14.97 1.46 2.21 _ 12.76 5.41 82.9 6.7 5.0 _— —_ 
14.97 1.46 2.28 _ 12.69 5.45 84.1 6.7 4.8 — —_ 
14.97 1.46 2.29 _— 12.68 5.41 83.4 6.7 4.8 —_ —_ 
2 14.95 1.59 2.22 1.43 12.73 5.61 86.2 6.7 5.1 2.19 2.11 
3 14.28 1.57 2.25 1.29 12.03 §.22 85.0 6.7 5.1 2.37 2.28 
Mean! 14.85 1.50 2.25 _ 12.61 5.42 84.1 


1 Calculated on basis of loss of reducing sugars. 


From these data it can be seen that there still remains 1.3 to 1.4 g 
of pentose and about 0.9 g of reducing material which is unfermentable 
with yeast and is not pentose. In two of these experiments (runs 2 
and 3) 250 ml of the mash, after yeast fermentation, was concentrated 
in vacuo to about 50% of the original volume. The residue was trans- 
ferred quantitatively to a volumetric flask and returned to the starting 
volume. The pH was readjusted to 6.7 and yeast-fermented for 10-12 
hours. As total reducing sugars decreased only 0.08 and 0.09 g/100 
ml, it can be assumed that no fermentation took place, as it is known 
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that pentoses can be assimilated by yeast (Abbott, 1926), and other 
reducing substances might also have been used for anabolism and cell 
storage (Cremer, 1899). 

Efforts to ferment the residual pentoses with Fusaria were here 
without success. The vacuum concentration and readjustment of 
volume to the original volume were the same as those used in the 
test for completeness of yeast fermentation, with the exception that 
5 g KNOs, 5 g KH2PO,, and 0.75 g MgSO,-7H.0 per liter were added 
and the pH adjusted to approximately 4.5. Fifty milliliters of the 
mash was then pipetted into 125-ml Erlenmeyer flasks, sterilized and 
inoculated with a 2 ml spore-mycelial suspension. No growth could 


be obtained. 
TABLE III 


YEAST FERMENTATIONS OF H.,SO,-HyDROLYZED WHEAT MASHES 


Second yeast 
Before After H fermentation. 
fermentation fermentation Fer- Dp Total reducing 


Sugar menta- sugars 
- | Alcohol i 


Initial 


Pentose 


g/100 ml 


1 13.39 1.47 2.65 —_ 10.74 4.94 90.0 6.7 4.5 -—- —_ 
13.39 1.47 2.58 —_ 10.81 4.97 89.9 6.7 4.5 _ _ 
| 12.68 1.46 2.50 1.27 10.18 4.84 93.0 6.7 4.6 _ _ 
3 13.47 1.44 2.46 1.27 11.01 4.82 85.6 6.7 4.6 2.48 2 
4 13.16 1.36 1.87 11.29 5.00 86.6 6.0 
5 13.16 1.36 1.99 _ 11.17 5.06 88.6 5.2 4.7 _ _— 
6 13.01 4.98 _ 4.5 _ 
Mean 4. 


1 Calculated on basis of loss of reducing sugars. 


A blank experiment consisting of 2% xylose, of the inorganic salts 
that were added in both fermentations, and of sodium chloride equal to 
the quantity formed by neutralization of the HCI used in the original 
hydrolysis, gave good growth of the organism. Therefore, the in- 
hibitory action cannot be due to osmotic pressure effects or to the 
chloride ion concentration. 

Acid hydrolyzed wheat mashes were also prepared using sulfuric 
acid. The conditions of hydrolysis were the same as with the hydro- 
chloric acid. However, for the neutralization, calcium hydroxide was 
used and the mash brought to a pH of approximately 7.0. The precipi- 
tate of calcium sulfate was filtered off and 1% by volume of sodium 
sulfate was added to the filtrate to remove the calcium ions. The 
solution was stored overnight in the ice chest and filtered the following 
day. The procedure then followed that already given with the HCI- 
hydrolysates. Results of the yeast experiments are recorded in Table 
Ill. 


mented effi- 
: Total |. Total ciency! 

reducing} Pentose|reducing| Final) Before | After 
sugars sugars 
\g/100 ml\g/100 ml\g/100 ¢/100 mi'\¢/100 mi % g/100 ml\g/100 ml 
] 
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After concentration, dilution, etc., a Fusaria fermentation was 
carried out as with the HCl-hydrolysates. It should be noted that 
the concentrations of the respective constituents on the zero day 
represent the values found after sterilization. The slight discrepancies, 
therefore, between the values obtained after yeast fermentations and 
the zero day values are due to losses in the operations of transfer, 
concentration, dilution, and sterilization. The results are to be found 
in Table IV. 

TABLE IV 


FUSARIA FERMENTATIONS OF H,SO,-HyDROLYZED WHEAT MASHES 


Total 
reducing 
sugars 


Alcohol 


2/100 ml 
2.44 
2.33 
2.21 
2.08 


g/100 ml 


0.05 
0.10 
0.12 


Note: In all mold experiments, 3 or 4 Erlenmeyer flasks were removed, the contents combined and- 
brought to 200 or 250 ml. Analyses were made on this, and calculated back to the original volume. 
This procedure compensates for inequalities among the separate flasks and for evaporation. 


TABLE V 
FUSARIA FERMENTATIONS OF H2SOQ,-HyDROLYZED WHEAT MASHES 


Run Day 


Total reducing sugars 


Alcohol 


1 


g/100 ml 


1.96 
1.32 
1.23 


1.93 
0.54 
0.10 


g/100 ml 


0.30 
0.17! 


0.62 
0.46! 


1 It is known that Fusaria dehydrogenates alcohol when the concentration of material suitable for 
growth reaches a low level. 

In view of the low rate of fermentation, the procedure was modified. 
Distillation of the yeast alcohol was effected with a fractionating 
column. Approximately one quarter was distilled over and the residue 
diluted to double the volume of the original quantity. The procedure 
from here on is the same as that given previously. It should be noted 
that the values recorded represent double those found by analysis, so 
that a more equitable comparison with the original mash could be made. 
Values on the zero day are again those found after sterilization. The 
data for these experiments are presented in Table V. 

A comparison of the acid hydrolyzed mashes reveals that a greater 
reducing sugar content and, consequently, greater alcohol yields are 
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obtained with hydrochloric than with sulfuric acid mashes. In the 
case of the hydrochloric acid mashes, no further fermentation to utilize 
pentoses was found possible, whereas the fermentation of pentoses 
resulting from sulfuric acid hydrolysis resulted in an additional alcohol 
yield amounting to 6-12% of that obtained from a yeast fermentation. 


Industrial Plant Stillage 


In addition, attempts were made to ferment the residual carbo- 
hydrate material (dextrins, hexoses, and pentoses) discarded by an 
industrial alcohol plant. Preliminary experiments indicated that it 
was impossible to ferment them with Fusaria even though the stillage 
was supplemented with the usual nutrient salts. This was due to 
mechanical entrapment of the mold by the suspended particles, the 
amount of which was increased by heat sterilization. This entrapment 
prevented the formation of the usual surface pellicle, resulting in 
extremely poor growth. 

TABLE VI 
Errect OF HYDROLYSIS ON ALCOHOL YIELDS 


Unhydrolyzed Hydrolyzed 


Reducing sugar Alcohol Reducing sugar Alcohol 


2/100 ml 2/100 ml 2/100 ml 2/100 ml 
0 0.56 — 2.97 — 
8 0.34 0.12 0.38 0.86 


(Stillage No. 4) 


Experiments in which the suspended material was removed by 
centrifugation and filtration with “filter cel’’ gave better but far from 
satisfactory results. It was noted, however, that if the stillage was 
subjected to a preliminary acid hydrolysis there was a substantial 
increase in reducing sugar content. For example, one batch of stillage 
(No. 3) before hydrolysis had a reducing sugar content of 1.25 g. 
After hydrolysis by heating for 2} hours under reflux, the reducing 
sugar content increased to 3.51 g (no dilutions). These values are 
only indicative of the increase in reducing sugars obtainable by hy- 
drolysis, as subsequent batches of stillage received had a lower initial 
reducing sugar content and, consequently, the reducing sugar con- 
centration after hydrolysis was also lower (Table VI). 

Representative values for material received at later dates are given 
in Tables VI and VII from which the effect of acid hydrolysis on reduc- 
ing sugar content and alcohol yields obtainable from a Fusaria fer- 
mentation can be seen. In view of the very low alcohol yields ob- 
tained from the nonhydrolyzed stillage, no experimental work other 
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than that presented in Table VI was done. It might be noted here 
that some of the alcohol formed from the unhydrolyzed stillage may 
be derived from the fermentation of dextrins (Dammann, 1938). 

The details of these experiments follow: To 1 liter of U. S. 1. “‘whole 
stillage”’ (stillage well shaken to obtain a good suspension of the solids) 
was added 19.4 ml of concentrated sulfuric acid. This was then re- 
fluxed (oil bath) for 2} hours and cooled. The sulfuric acid was then 
neutralized and the pH adjusted to 10.5 with calcium hydroxide to 


TABLE VII 
ALCOHOL PRODUCED BY FUSARIA ON AcID HyDROLYZED STILLAGE 


Day Reducing sugar Alcohol 


g/100 ml 


Stillage No. 4 0.47 
0.54 


Stillage No. 5 


precipitate sulfite (inhibitory to the mold). The precipitate was re- 
moved and the pH of the filtrate adjusted to 4.0-5.0. One percent by 
volume of sodium sulfate was added and the liquid stored in the ice 
chest overnight. On the following day the precipitate was filtered off, 
nutrient salts added, the pH adjusted to 4.3-4.5, and sterilized. The 
procedure then followed as heretofore. 

For purposes of comparison, a batch of acid hydrolyzed stillage 
(No. 5) having a total reducing sugar content of 2.04 g, of which 0.32 g 
was pentose, gave 0.71 g of ethyl alcohol after yeast fermentation. 

As U.S. I. reported that from this same batch of stillage a yieid 
of 5.29 g of ethanol per 100 ml was obtained, our procedure resulted in 
an increased alcohol yield of about 13% with yeast and of about 10% 
with Fusaria. The difference between the yeast and Fusaria fer- 
mentations in alcohol yield is due to the fact that some carbohydrate is 
consumed during the growth of the mold. 

From an industrial point of view a process that can be conducted 
in a period of 10-12 hours (or less) would be preferable to one taking 7 
to 9 days. Therefore, a further investigation of the stillage (No. 5) 
was undertaken to determine the amount of alcohol obtainable by yeast 
fermentation. 

It was noted that in the preparation of acid hydrolyzed mashes a 
greater reducing sugar content was obtained when hydrochloric acid 
was used. The following experiments summarized in Table VIII were 


g/100 ml 
0 2.70 

: 1.96 

TiS 7 0.80 0.43 

9 0.23 0.53 
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therefore carried out with stillage hydrolyzed with this acid (100 ml 
of 0.76 N HCI to 1 liter of stillage). 

“Run 2” represents data obtained by attempting to approximate 
industrial practice in the laboratory by first removing the solids by 
separation with filter paper and then subjecting the filtrate to acid 
hydrolysis. The results would indicate that the carbohydrates could 
be fermented without loss of the proteins so essential as a source of 


TABLE VIII 
YEAST FERMENTATIONS OF HCL-HyDROLYZED STILLAGE 


Total reducing sugars Pentose sugars 


Alcohol 


Before After Before After 
hydrolysis hydrolysis hydrolysis hydrolysis 


g/100 ml g/100 ml g/100 ml g/100 ml 


1 0.77 1.98 0.51! 0.36 0.71 
(0.40) (0.78) 


0.28 0.65 
(0.31) (0.72) 


0.51! 


0.77 


1 This value is higher than the “‘after hydrolysis” figure as the former determination was made 
on the “‘whole stillage’’ and the pentosans are likely to be associated with the suspended particles. 
Furthermore, the conditions are more drastic in the pentosan determination than in the hydrolysis. 

2 Values in parentheses are calculated values referring the analytical results back to the original 


stillage 


cattle feed, as the reducing sugars and substances giving rise to them 
are not associated with the suspended particles. 

With hydrochloric acid (in comparison to sulfuric) the yield of 
reducing sugars was increased, the respective values being 2.18 and 
2.00 g referred to the original material. 


Discussion 

The pentoses of wheat which are useless for conversion into alcohol 
with yeasts, and are present in good amounts in acid hydrolyzed 
mashes, have been successfully fermented with Fusaria. 

It was also found that industrial plant stillage can be further 
treated to yield substantial amounts of alcohol by ordinary yeast fer- 
mentations. It should be noted, however, that the stillage obtained 
for this investigation originated from plant operations involving non- 
pressure cooking. However, it is known that even where pressure 
cookers are available, considerable quantities of fermentable hexoses 
are not utilized for ethanol production. On the basis of composite 
data * it was calculated that the second hydrolysis would result in an 
increased production amounting to between 5 and 6% of present capac- 


* Obtained through the courtesy of Dr. M. Ottolenghi, Director of Research, Consolidated Dis- 
tilleries, East Taunton, Mass. 


= 
(2.17) 
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ity. This percentage takes into account losses that would occur in 
the processing of the residue for feed. 


Summary 

By the application of a pentose fermentation with Fusaria to sul- 
furic’ acid hydrolyzed wheat mashes, an increased yield. of alcohol 
amounting to 6-12% was obtained over that derived from a yeast 
fermentation of the hexoses. 

Thus far the proper conditions for the fermentation of the residual 
pentoses from a hydrochloric acid hydrolyzed wheat mash are not yet 
established. 

On applying acid hydrolysis to industrial plant stillage, an addi- 
tional yield of alcohol of about 13% was obtained by yeast fer- 
mentation. 
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Contemporary published data covering investigations of the various 
steps involved in the production of commercial alcohol, their individual 
effect upon the alcohol yield, or the manner in which they are carried 
out, have been somewhat limited in scope and quantity. Recently, 
significant advances have been made in practically all phases of the 
production of industrial alcohol, as illustrated by the modern plants 
and research laboratories which are available to this industry. The 
present period, when the production of beverage alcohol has been super- 
seded by the manufacture of 190 proof ethyl alcohol to meet war needs, 
has indicated the need for more universal knowledge about the steps 
in alcohol production. 

Organizations supplying the raw material used in the production of 
ethyl alcohol often are confronted with the problems that arise during 
the use of these materials. These problems, usually production difficul- 
ties, are first noticed when a drop in the proof gallons of alcohol per 
bushel of raw material occurs. Often in plants where laboratory 
facilities and company policies do not permit a background of pilot 
plant operation and research as a means of better understanding the 
steps involved in the process, there is considerable uncertainty as to the 
precise reason for these fluctuations in yield. Quite often, small but 
normal variations in raw materials, occurring at this critical time, are 
superficially assumed to be responsible. 

A broader knowledge of the magnitude of the variation in alcohol 
yield that occurs from the normal fluctuation in raw materials, com- 
pared with that which may be expected from irregularities in the manu- 
facturing process, would often assist.to focus attention at once toward 
the most likely reason for a decrease in yield. In addition, a practical, 
not too-complicated procedure for following the manufacturing process 
in the laboratory would perhaps induce more control chemists to in- 
vestigate the various phases of their own plant’s operation more thor- 
oughly. This is especially advisable because the problems of each 
plant require individual solution and cannot be worked out by blindly 
following a universal rule. For these reasons this work was under- 
taken. 
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Experimental 

The first task was to establish a laboratory procedure that could 
be adapted or modified to follow all the phases of plant practice. 

At the beginning of this work, a preliminary investigation was con- 
ducted with small mashes of distillery proportions to observe the effect 
on reducing sugar formation when various temperatures and combina- 
tions of temperatures were used for converting the mash. After con- 
version, the mashes were made to weight, filtered, and the reducing 
sugar determined upon an aliquot portion of the filtrate using the 
Munson-Walker Method (Association of Official Agricultural Chem- 


ists, 1930). 
TAB 


APPROXIMATE SACCHARIFYING ACTIVITY OF FILTERED MASHES 


Treatment during conversion 


Mash Diastatic power 
No Temperature Time of extract 
min 
1 63 5 37 
2 54 S 46 
3 63 60 13 
4 54 60 27 
54 30 
5 {83 30 45 
6 70 5 5 


The observations recorded in Table I indicated that a preliminary 
temperature of 54°C for 1 hr during mashing-in, a subsequent raising 
of the temperature to 63°C, and holding about an equal period of time, 
gave an extract with the highest percentage of reducing sugar. A 
mash held at 54°C resulted in the least destruction of the beta-amylase 
as compared with a combination of temperatures, or a single conversion 
temperature of 63°C. An approximation of this saccharifying activity 
remaining was made by using the filtered extract as an infusion for 
starch hydrolysis, and then determining the reducing materials formed 
by the alkaline ferricyanide method of sugar determination of Anderson 
and Sallans (1937). 

Testing the conversion of the mashes by the iodine spot plate 
method indicated that the higher temperature, 63°C, gave a more 
rapid conversion of the starch, but the relationship of this type of 
conversion to the final yield of alcohol may be uncertain. 

In early tests, the entire corn mash needed was cooked, brougat to 
conversion temperature, the malt added, conversion carried on for a 
definite period of time, and then aliquot portions of the mash weighed 
into the flasks for fermentation. It was found that accurate checks 
between duplicate determinations could not be obtained by the above 
techniques; therefore a change in procedure was necessitated. 


i 

° 


24 USE OF MALT FOR INDUSTRIAL ALCOHOL Vol. 22 


The mashes were then made in round, pint size, fruit jars and they 
were cooked, converted, and fermented in them without the need of 
any transfer of materials (Fig. 1). This eliminated errors from varia- 
tion in the solid content of aliquots of mashes weighed for fermentation. 
The revision resulted in an improvement in checks between duplicate 
determinations, but it was felt that the variations were still too large. 


Fig. 1. Type of jar used for cooking and conversion shown with water trap for fermentation. 


At this phase in the work, a paper was published by Gallagher, 
Bilford, Stark, and Kolachov (1942) on fast conversion of a distillery 
mash, in which the authors found a high degree of conversion in a 
mash held for as short a time as 1 min, and an alcohol yield slightly 
higher than when conversion times up to 1 hr were used. On checking 
these results, it was found that a conversion time of 5 min, which was 
most suitable for the equipment available, gave an alcohol yield as high 


| 
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as, or higher than, conversion for 1 hr, depending on the temperature 
used for conversion. Further discussion of this factor and tabulated 
results are included later in this paper. In addition to favorable 
results in the alcohol yield, good checks were obtained with triplicate 
determinations. This also supported the results tabulated by the 
above workers (Gallagher et al, 1942) in which they show better checks 
between duplicate mashes converted for a short time than for the 
longer period. 

In an effort to make the results of various tests even more depend- 
able and significant by lessening the experimental error, duplicate or 
even triplicate determinations were made in nearly all cases. This was 
deemed necessary further to eliminate the possibility of mistaking an 
increase in alcohol yield due to experimental error for an increase due 
to changes in experimental conditions. 

In addition to the above precautions, continual vigilance was main- 
tained to compensate for possible changes, during the course of this 
work, in the composition of the raw materials used—the malt, yeast, or 
starchy grain. Whenever a revision of any procedure that had been 
established for some time was thought necessary, duplicate or triplicate 
tests were carried out, using both the old method and the contemplated 
change, with the materials at hand. Thus, differences due to new lots 
of raw materials or the possibility of loss in converting or saccharifying 
power by any of the starch converting agents employed over a period 
of time could be properly correlated if necessary. 

Further standardization of procedure concerned methods and effects 
of pitching the mash with yeast. A common method is to allow yeast 
to act upon a malt mash wort for a number of hours and then to add the 
mixture as a slurry to the converted mash. This necessitates deter- 
mining the amount of alcohol added in the yeast slurry and subtracting 
this amount from the total amount of alcohol distilled from the mash 
after fermentation. Variation in the amount of alcohol in the yeast 
slurry within individual preparations would make it seem desirable to 
determine this value with each new yeast slurry. 

In this work, a source of uniform, fresh, compressed yeast was al- 
ways available so that the preparation of a yeast slurry was eliminated 
and the yeast added to the mash in solid form. It was found that 
yeast more than 2 days old, in the compressed form, resulted in a de- 
cided decrease in the alcohol yield. Therefore, fresh yeast was ob- 
tained for each series of determinations several hours after it was 
compressed. 

The concentration of yeast in the mash had a slight effect upon the 
alcohol yield. A series of fermentations with varying yeast percentages 
by weight of the total mash showed an increase in alcohol yield with 


26 USE OF MALT FOR INDUSTRIAL ALCOHOL Vol. 22 


increasing yeast additions until a certain concentration had been 
reached in the mash; above that concentration the yield began to drop. 

The results of typical trials shown in Table II possibly indicate the 
highest yield of alcohol as occurring at a yeast concentration of 1.0%, 
although the difference between the individual tests is probably too 
small to be especially conclusive. This yeast concentration was 
adopted as part of the standard procedure. 


TABLE II 
EFFrect oF YEAST CONCENTRATION IN THE MASH ON ALCOHOL YIELD 


Compressed yeast as percent of Alcohol yield in at gallons 
total weight of mash per bushel, dry basis 


0.20 5.57 
5.55 
5.59 

5.63 

5.59 

5.58 


It was also found that if the mashes were not adjusted with sul- 
furic acid, the effect of yeast concentration was very significant. For 
instance, increasing the yeast concentration from 1.0% to 2.5% in an 
unadjusted mash resulted in a decrease of 0.2 proof gallon of alcohol 


per bushel. 

It should be noted that where a source of suitable compressed yeast 
is not available, good, active yeast in any other form may be used, pro- 
vided proper corrections are made for the alcohol and sugar in the 
slurry, as proposed by Stark, Adams, Scalf, and Kolachov (1943), if it 
is added in this form, and provided precautions are taken to see that 
the yeast, whatever its source may be, is uniform from one test to the 
next. In plants where the yeast cultures are in continual propagation 
it would only be natural to use this source of yeast. In other in- 
stances, a relationship can easily be worked out in respect to the yeast 
available and the alcohol yield that results from its use. 


Standardized Procedure 


The method adopted as a standard procedure in these tests repre- 
sents a mash bill of: 


88.5% corn or starchy grain 

11.5% malt 

Water to equal 38 gal/bu 

Part of the malt is added in the cooker. This represents 1.0% 
of the total solids making up the mash bill or 8.68% of the total 
malt of the mash bill. 


‘ 
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The amount of material used in the following procedure was arbi- 
trarily selected as being easily handled in the equipment on hand. 
For the mash, 29.2 g corn (or other substrate) are ground to pass a 
U. S. standard No. 14 screen, weighed on an analytical balance, and 
put into a suitable glass container such as a round pint size fruit jar. 
Then 0.33 g ground barley malt is added to the corn as pre-malt, and 
66.0 ml distilled water and sufficient 0.1 N sulfuric acid are added to the 
corn and malt mixture to bring the pH to 5.6. The mash is then put 
into a pressure cooker and cooked for 30 min at 24 Ib pressure. The 
pressure is released gradually (about 8-10 min), the mash taken out, 
and 20.0 ml distilled water at 60°C added immediately to keep the mash 
from drying out and becoming lumpy. As the mash is stirred, 70.0 
_ml more distilled water at 60°C are now added in portions. With a 
group of six mashes, the addition of this amount of water at 60°C 
brings the temperature of the mash down to 65°C by the time they are 
put into the water bath. 

The mash is then placed in a suitable water bath ' held at 63°C with 
individual stirring devices for each jar, and held a short time until the 
temperature of the mash reaches 63°C. Then 3.47 g ground barley 
malt are added to the corn and mixed in with the stirring device. 
Five minutes after adding the malt, the mash is cooled in 5 min to 28°C. 
It is then removed from the water bath, the stirrer rinsed off with 
distilled water, and sufficient 1.0 N sulfuric acid added to bring the 
fermentation pH between 4.8 and 5.0. Once the amount of acid 
needed for pH adjustment is determined, it need not be redetermined 
for each mash unless the ingredients of the mash are changed. Of 
course, a change in amount or nature of the mash ingredients necessi- 
tates again determining the amount of acid needed for pH adjustment. 
The mash is mixed thoroughly with a stirring rod and water added by 
weight until the ratio of 35 gal water to 1 bu grain is reached. Atten- 
tion is called to this exception to the usual industrial practice of meas- 
uring a mash by volume. A 38-gal mash, for instance, is generally 
considered as that volume of ingredients which contains 1 bu grain 
(56 lb, as is basis). 

Fresh compressed yeast representing 1% by weight of the mash at 
this stage (liquid and solids taken together) is weighed out and added 
to the mash as aseptically as possible. The jar is fitted with a dis- 
tilled water fermentation trap and placed in a constant temperature 
bath maintained at 28°C. The mash is allowed to ferment here for 
65 hr without further attention. It is then transferred to a 750-ml 
Erlenmeyer flask for distillation of the alcohol produced by the fer- 


1 A Weber-Ehrenfeld mash tank of the t used for extract determination of malt ee Aa erican 
Society of Brewing Chemists procedure is well suited for this work and was used in Ay 5 4 
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mentation. Approximately 25 ml distilled water are used for rinsing 
out the alcohol trap and the jar. . 

The alcohol is distilled through a cold water condenser and received 
in a calibrated 100-ml volumetric flask, made to volume at 20°C, 
mixed thoroughly, and the specific gravity determined with a pycnome- 
ter at 20°C. The weight of distilled water is determined with the 
pycnometer at 20°C each time alcohol specific gravities are taken, so 
that the alcohol weight divided by the weight of the water gives a 
reliable specific gravity at 20°/20°C. The alcohol as grams per 100 
ml, represented by the specific gravity so determined, is obtained by 
reference to an appropriate table, such as is found in Methods of 
Analysis, A. O. A. C. (1930). 

The proof gallons per 56 Ib bu grain, according to industrial prac- 
tice, is quite easily calculated using the following constant from the 
Gauging Manual (U. S. Treasury Department, 1938). One pound of 
200 proof or pure alcohol is equal to 0.30260 gal of 100 proof alcohol. 
Since the grams of alcohol in 100 ml are obtained from the fermentation ° 
of the mash of 29.2 g corn (or other starchy material) and 3.8 g malt, in 
order to calculate the proof gallons of alcohol from corn alone the 
alcohol derived from the other ingredients of the mash must be sub- 
tracted from the total grams of alcohol formed. This value is deter- 
mined by carrying a fermentation through using only the malt and 
subtracting the alcohol so found in 100 ml from that found in 100 ml 
for the fermentation of the combination of malt and corn. 

The so-corrected grams of alcohol from 29.2 g corn would also cor- 
respond to pounds of pure alcohol from 29.2 lb corn. The proof 
gallons per 56-lb bu corn on the dry basis then are equal to: 


Pounds of alcohol 56.0 0.30260 100 
29.2 X (100-moisture of corn) 


P.G. per bu (dry basis) = 


To obtain the yield of alcohol on the total materials used, 33 must 
be substituted in place of 29.2 in the above formula and the moisture 
must be that of the combination of all ingredients in the mash bill. 


Practical Investigations 


With a practical method developed for making fermentation tests on 
a laboratory scale, attention was next turned to an investigation of the 
three major steps in the production of alcohol from starchy materials. 
These are cooking, conversion, and fermentation. We stress at this 
time that the data recorded in this report do not cover all the factors 
involved in the cooking, conversion, and fermentation stages; only 
those factors which frequently are sources of trouble were investigated. 
The yields reported in these tests represent the proof gallons per bushel 
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of total materials used with the exception of Table VIII where yield on 
the basis of the corn alone is also included. The malt, corn, and other 
starchy materials were all considered on the 56 Ib/bu, dry material 
basis. 

The corn and malt used predominately in this work are character- 
ized by the analytical data given in Table III. 


TABLE III 
CorRN AND MALT ANALYsIS 


CORN—NO. 1 YELLOW 


Bushel weight, Ib 58.0 
Moisture, & 12.5 
Starch, dry basis,! % 68.0 
Protein, dry basis, % 10.5 
Ash, dry basis, % 1.4 
Fat, dry basis, % 5.4 


MALT—DISTILLERS GRADE 


Moisture, % 5.8 
Starch, dry basis,’ % 50.5 
Diastatic power, degrees Lintner 175 
Maltose equivalent ? 700 


ca 1 Diastase method with subsequent acid hydrolysis of the Association of Official Agricultural 
emists. 

2 Maltose equivalent is the number of milligrams of maltose formed in 200 ml of starch solutions 
under the same conditions as those in which the diastatic power is determined. 


Early work established that the variations between different batches 
processed in the cooker were negligible. This was done by making 
separate cooks in triplicate using a cooking pressure of 24 Ib for 30 min. 
The variations in average yields obtained here from those reported in 
subsequent work arc probably due to using another sample of corn than 
that used in later tests. The other techniques involved in conversion 
and fermentation were held constant in this comparison. The close 
checks recorded in Table IV indicated that quantitative results could 
be obtained on different cooks if the conditions were properly con- 
trolled. 


TABLE IV 
VARIATIONS IN ALCOHOL YIELD BETWEEN DIFFERENT CooKs 


Proof gallons alcohol per bushel, 
Test dry basis 


Cook No. 1 


5.45 average 


Cook No. 2 5.47 average 


5.46 
5.44 
5.45 
5.44 
5.47 
3 


30 USE OF MALT FOR INDUSTRIAL ALCOHOL Vol. 22 


The factors in the cooking procedure which were investigated were 
cooking pressure, cooking time, and the presence and amount of pre- 
malt during cooking of the mash. 

Results on cooking pressure and time are given in Table V. 


TABLE V 
EFFECT OF TIME AND PRESSURE OF COOKING ON ALCOHOL YIELD 


Alcohol eee in f gallons 


Cooking pressure ! Cooking time per bushel, 

ib min 

No cooking —_— 2.49 

— 30 5.44 

30 5.49 

15 30 5.57 

24 30 5.61 

30 30 5.61 

24 10 5.47 

24 30 5.60 

24 60 5.61 


1 The pressure reported is gauge pressure. 


It can be seen in these data that no difference was found in the 
alcohol yield whether the mash is cooked at 24 Ib or at 30 Ib pressure. 
In addition, cooking the mash for 1 hr at 24 Ib pressure gives no appre- 
ciable increase in alcohol yield over 30 min at 24 lb pressure. Al- 
though, in actual plant operation, higher pressures than those used in 
our investigations are not uncommon, it was considered sufficient at 
this time to limit our work to ranges best suited to our equipment. 

It is interesting to find that dropping the pressure from 30-Ib to 
15 lb results in very little decrease in alcohol yield, while at a pressure 
as low as 5 lb, the yield is decreased by only 0.12 proof gallon per 
bushel and cooking at atmospheric pressure causes a decrease in yield 
of only 0.17 proof gallon per bushel. The reduction in yield to 2.49 
proof gallons per bushel when no cooking of the starch takes place 
emphasized the need for a cooking stage of some sort in the procedure. 

The presence and quantity of pre-malt (malt added to the mash 
before cooking) was found to have an effect on the alcohol yield. With 
pre-malt present, there is considerable liquefaction of the starch during 
cooking so that lumping of the starchy material is reduced to an insig- 
nificant amount and more uniform alcohol yields are obtained. - 

The effect of malt added before cooking, and of the variation in the 
percentage of the total malt as pre-malt, can be seen in the results 
listed in Table VI. 

For this series of fermentations the alcohol yield was not particu- 
larly sensitive to large increases in the amount of malt added to the 
mash in the cooking stage. It might be assumed that the drop in 
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TABLE VI 


EFFECT OF VARIATIONS IN THE RATIO OF PRE-MALT TO TOTAL MALT 
ON ALCOHOL YIELD 


Malt additions as pre-malt 


Proof gallons alcohol per bus.el, 


Percent of total malt used added as pre-malt dry basis 

% 

No pre-malt 5.44 

9 5.59 

20 5.57 

30 5.56 

40 5.47 

50 5.46 

60 5.29 

70 5.06 

80 4.77 

90 4.21 

100 0.23 


yield, due to a decrease in active enzymes available for the converting 
stage, would be quite rapid, as larger portions of the total malt used in 
the mash bill were permanently inactivated by the heat of cooking. 
This is not indicated in the data presented in Figure 2 until 50% of the 
total malt of the mash has been added as pre-malt. The significant 
observation for this set of ingredients, therefore, is that more malt has 
probably been used than was necessary. 


6.0 


5.8 


4.0 2 


o 0 20 3 4 SO 60 70 80 90 100 
PERCENT OF TOTAL MALT ADDED AS PREMALT IN COOKER ~ 


PROOF GALLONS OF ALCOHOL PER BUSHEL OF TOTAL MATERIALS 
@o 


Fig. 2. Effect of variations in the ratio of pre-malt to total malt on alcohol yield. 


= 
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From this series of fermentations it can then be noted that malt in 
excess of the amount needed to liquefy the cooker mash does not result 
in increased alcohol yields, owing to more conversion taking place in 
the cooking. phase. The result of the last fermentation in Table VI 
indicates an insignificant amount of alcohol resulting from adding all 
the malt of the mash bill to the cooker mash—only 0.23 proof gallon 
resulting. With only 10% of the total malt of this mash bill available 
for enzyme activity after conversion, the alcohol yield is at once in- 
creased to 4.21 proof gallons per bushel. 

An additional investigation was the effect on the alcohol yield when 
the amount of malt in the mash bill was varied from 5% to 100%. 
In these tests the corn portion of the mash was cooked with a constant 
amount of pre-malt (1% by weight of the total grain in the mash) and 
the rest of the malt in each case added just before conversion. The 
results are given in Table VII. 


TABLE VII 
EFFECT OF VARIATIONS IN THE RATIO OF MALT TO CoRN ON ALCOHOL YIELD 


Proof gallons alcohol per bushel, 
Malt as percent of total grain dry basis 


10 
11.5 
15 
20 


Beginning with malt equivalent to 5% of the total grain in the mash 
bill, and increasing this as shown, results in an increase in alcohol yield 
until the malt concentration is between 15% and 30% of the total 
grain, whereupon the yield gradually drops off. If the fermentation 
efficiency is calculated for these mashes, it will be found to increase as 
the amount of malt is increased. It would appear in these results 
that the optimum amount of malt for the highest alcohol yield is 
greater than that normally used in industry. However, the economic 
relationship of larger concentrations of malt to the alcohol yields 
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obtained would naturally be considered by any plant before fixing its 
mash bill. 

The data in Table VII in conjunction with those in Table VI indi- 
cate the importance of the correct balance of enzymes for conversion. 
Malt added in excess of this tends to reduce the yield of alcohol. 

Another property of malt that is of considerable interest in respect 
to its effect on the alcohol yield per bushel is the diastatic power ex- 
pressed as degrees Lintner. A number of tests using malts with a 
range in diastatic power from 144 to 207 degrees Lintner was made 
with the results given in Table VIII. 


TABLE VIII 
ALCOHOL YIELDS FROM MASHES WITH MALTS OF VARYING DIASTATIC POWER 


Proof gallons alcohol/bu, dry basis 


Malt Diastatic er in 


No. degrees Lintner Total material Corn only 
1 207 5.62 5.95 

2 193 5.55 5.86 

3 191 5.60 5.93 

4 184 5.58 5.90 

5 175 5.52 5.80 

6 149 5.57 5.89 

7 144 5.55 5.88 

8 144 5.54 5.85 


The data from these tests indicate that a wide range in the diastatic 
power of the malts used for conversion did not result in a large nor a 
consistent variation in the alcohol yield per bushel where 11.5% of 
malt is used in the mash bill. Malt No. 7 of 144 degrees Lintner effects 
as high a yield as Malt No. 2 of 193 degrees Lintner. 

Another series of fermentations was carried out using six different 
malts ranging in diastatic power from 121 to 184 degrees Lintner. Six 
mashes were made on each malt; the lowest using 6% malt and the 
highest using 11.5% malt in the mash bill. he data are given in 
Table IX and, in common with the results given in Table VIII, indi- 
cate that the diastatic power, as measured in degrees Lintner, reflects 
to some extent the yield of alcohol that can be e~ ,ected and also how 
the percentage of malt should be adjusted depending upon its Lintner 
value. There is a certain amount of uniformity in the yield increase 
from low to high Lintner value malt and from the smallest to the 
largest amount of malt in the mash bill. The results in Table IX are 
more or less conventional in their trend and represent the relationship 
commonly found in plant practice. The alpha-amylase units by the 
method of Sandstedt, Kneen, and Blish (1939) are not completely in 
accord with the Lintner values. If the alpha-amylase units for Malts 
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TABLE IX 


CoMPARISON OF LINTNER Units, ALPHA-AMYLASE UNITS, AND 
THE RATIO OF MALT TO CoRN 


Yield ' in proof gallons per bushel for Deseenee 
indicated percent of malt in mash bill 
No. units units 6.0 and 

11.5% 

6% 1% 8% 9% 10% 11.5% malt 

1 184 56.9 5.22 5.45 5.41 5.41 5.54 5.57 0.35 

2 177 49.5 5.18 5.49 5.49 5.49 5.51 5.53 0.35 

3 172 53.6 5.11 5.32 5 33 5.47 5.47 5.51 0.40 

* 151 46.0 5.07 5.24 5.32 5.45 5.51 5.54 0.47 
5 145 45.0 5.05 5.32 5.15 5.37 5.37 5.47 0.42 

6 121 23.8 4.73 5.14 5.15 5.10 5.32 5.31 0.58 


Difference in P.G. 0.49 0.31 0.26 0.31 0.22 0.26 
between high and 
low Lintner value 


1 Calculated to dry basis. 


No. 2 and 3 were reversed, they would then fall in the same descending 
order that the Lintner values do. 

As noted earlier in this paper, preliminary work on conversion 
conditions indicated that a combination of temperatures would give the 
best sugar formation and least destruction of the amylases. However, 
with the adoption of the 5-min conversion time, only one temperature 
was used for conversion. Any change that is normally considered as 
aiding this phase of alcohol production involved starting at a lower 
temperature and putting the malt and cooked grain through a series of 
temperature increases and rests. This is contrary to the usual practice 
wherein the original heat of the cook is utilized for the converting 
period without much, if any, additional heat to maintain the converting 
temperature. 


TABLE X 
EFFECT OF TEMPERATURE AND TIME OF CONVERSION ON ALCOHOL YIELD 
Temperature of Time of Proof gallons alcohol 
conversion conversion per bushel, dry basis 
min 
54 5 5.19 
54 60 5.20 
63 5 5.55 
63 60 5.41 


In order to have the procedure comply more closely with industrial 
practice, the mashes were adjusted to a pH of 5.6 for conversion. A 
comparison was then made using the two conversion times at each of 
two conversion temperatures. The results obtained are found in 
Table X. 
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Here there is an increase of 0.36 proof gallon of alcohol per bushel 
of grain with a 5-min conversion time at 63°C, over that of a 5-min 
conversion time at 54°C. The increase for the higher temperature is 
only 0.21 proof gallon, however, when the longer conversion time of 
1 hr is used in each case. These data indicate that the yield remains 
constant with either a 5-min or a 60-min conversion time at 54°C, while 
at 63°C the yield drops 0.14 proof gallon per bushel with the longer 
converting period. This substantiates the results of Gallagher, Bilford, 
Stark, and Kolachov (1942) that higher yields are obtained at 63°C 
converting temperature with a short conversion time. The fact that 
the yield drops off for the 60-min conversion at 63°C as compared with 
the 5-min conversion at 63°C, while there is no corresponding drop at 
54°C for the same times of conversion, indicates a- destruction of 
amylases during the longer period at 63°C. This substantiates results 
obtained in preliminary work and discussed early in this report. 

The difference in alcohol yield between the two conversion tem- 
peratures would perhaps be smaller if other pH levels were used at the 
lower temperature. Tests on unadjusted mashes not included in this 
report have given yields of as much as 5.29 proof gallons per bushel 
when a temperature of 54°C was used for conversion. In no case was 
conversion complete after 5-min time (as indicated with an iodine test), 
but it had progressed sufficiently to allow the further conversion during 
fermentation, as measured by alcohol yield, to equal that obtained 
during the longer conversion period with resulting higher enzyme de- 
struction. 

It is evident that superficial control during the converting stage can 
be responsible for some costly losses in alcohol yield, which, after all, 
is the paramount interest at any stage of the process, whether it be 
cooking, conversion, fermentation, or distillation. 

A comparison of barley malt, wheat malt, and rye malt as convert- 
ing agents was made with the alcohol yield in each case taken as repre- 
sentative of their converting abilities. The percentage of malt in the 
mash bill and conditions of mashing were the same for each type of 
malt. In addition, a test was made using various starchy substrates 
with barley malt in each case the converting agent. The results, given 
in Table XI, show that the White Club wheat malt employed for 
conversion in these tests gives as high an alcohol yield as barley malt, 
while the rye malt gives 0.27 proof gallon less than the barley or wheat 
malts. With different starchy substrates and barley malt used for 
conversion, the comparative alcohol yields vary considerably. Under 
the experimental conditions used, Kafir corn yields as high as yellow 
corn. The yield from Durum wheat is 0.64 proof gallon lower than 
from corn, with White Club wheat 0.09 proof gallon higher than from 
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TABLE XI 


COMPARISON OF ALCOHOL YIELDS FROM DIFFERENT TYPES OF MALT 
AND STARCHY MATERIALS 


Proof gallons 


alcohol per 
Converting agent Starchy material bushel, dry basis 
Barley malt Yellow corn 5.58 
White club wheat malt Yellow corn 5.58 
Rye malt Yellow corn 5.31 
Barley malt Barley 4.40 
Barley malt Durum wheat 4.94 
Barley malt Spring wheat 5.25 
Barley malt ard winter wheat 5.30 
Barley malt Kafir corn 5.58 
Barley malt Yellow corn 5.58 
Barley malt White Club wheat 5.67 


corn, while with barley as the starchy substrate, the yield is 1.18 proof 
gallons per bushel lower than the yield from corn. These results 
demonstrate how the procedure described in this report may be used 
to evaluate both the raw materials employed for conversion and those 
used for supplying the starch. 

The concentration of water during conversion of the mash affected 
the alcohol yield as shown in Table XII. 


TABLE XII 
Errect OF Mash CONCENTRATION DURING CONVERSION ON ALCOHOL YIELD 
Water as gallons per bushel of Proof gallons alcohol per 
grain during conversion bushel, dry basis 
20 5.40 
26 5.46 
32 5.51 
35 5.52 
38 5.46 


In these data, a concentration of from 32 to 35 gal water per bushel 
of grain in the mashes during conversion shows the highest alcohol 
yield. This is in contrast to the idea that the thicker the mash during 
conversion, the better the conversion as measured by the resulting 
alcohol yield. 

The question of the effect of temperature upon fermentation-is a 
common one in plant operation. This was given some consideration 
when the standard procedure for laboratory fermentation was decided 
upon. In the laboratory a single fermentation temperature was 
adopted in order to keep the procedure as simple as possible. A test 
run was made comparing a single temperature throughout the fermenta- 
tion period with one in which a series of temperatures, approximating 


= 


Jan., 1945 W. G. ARTIS AND R. F. BAWDEN 37 


those sometimes used in industry, was used. The average of triplicate 
fermentations is given in Table XIII. Under the experimental condi- 
tions there is no significant difference in the alcohol yield from the two 
procedures; therefore, the single temperature of 28°C was adopted for 
all tests. 
TABLE XIII 
COMPARISON OF FERMENTATION TEMPERATURE VARIATIONS 


Proof gallons alcohol per 
Temperature of fermentation bushel, dry basis 


28°C throughout fermentation 5.52 


Series of temperatures 
20°C for 20 hr 
28°C for 29 hr 5.50 
32°C for 16 hr 


An investigation was made to determine the effect of adding various 
amounts of the liquid from the spent mashes to new mashes at the time 
they were made to 38 gal/bu for fermentation. This is similar to actual 
practice in distilleries where some of the stillage from previous mashes 
is added to new mashes. 

In these experiments, some of the water in each mash was replaced 


by the stillage added. Tests were made adding various amounts at - 


different times in the procedure. The results given in Table XIV show 


TABLE XIV 
DATA ON THE USE OF STILLAGE 


Proof gallons alcohol per 
Stillage as percent of total liquid in the mash bushel, dry basis 


% when added 

No stillage 5.56 

8 Before fermentation 5.64 

16 Before fermentation 5.68 
48 Before conversion 5.71 
16 Before fermentation 4 
35 Before cooking 
48 Before conversion 4.95 
17 Before fermentation 


that the addition of stillage definitely improves the alcohol yield. 
The yield with 16% stillage before fermentation, as compared with the 
case where 48% stillage in addition was added before conversion, indi- 
cates that the improvement in yield is largely due to the presence of 
stillage in the fermenting mash. The highest increase in yield in this 
case over no stillage is 0.15 proof gallon per bushel, which is quite 
significant. Where stillage was added as the entire liquid part of the 
mash, there is a drop in yield to 4.95 proof gallons per bushel. This 
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suggests a possible detrimental effect of the stillage during the cooking 
process, since all other additions gave increases. 

The effect of varying the amount of water in the mash during 
fermentation is shown in Table XV. 


TABLE XV 
Errect OF Mash CONCENTRATION DuRING FERMENTATION ON ALCOHOL YIELD 
Water in mash in gallons per bushel Proof gallons alcohol 
during fermentation per bushel 
36 5.58 
38 5.59 
40 5.52 
42 5.46 


The most dilute mash of the series compared with the most con- 
centrated mash gave a decrease in yield of 0.12 proof gallon per bushel, 
indicating that the water concentration of the fermenting mash is 
important. In the procedure selected for laboratory fermentation 
tests, 38 gal water per bushel was adopted, as this allowed more water 
for rinsing stirring apparatus and containers than 36 gal/bu and because 
the alcohol yield for the two dilutions, according to the above data, is 
about the same. 

Discussion 

No attempt has been made entirely to explain or completely to 
investigate the exact reasons for increases,or decreases in alcohol yield. 
The fact that industrial plants are confronted with problems of this 
type, and often have been uncertain in respect to the actual explanation 
of them, led us to report these investigations. The primary concern 
was to establish a laboratory scale method as the basis to start with 
and then to call attention to some factors that do contribute to dif- 
ferences in experimental work and which often are analogous to varia- 
tions experienced in plant operation. In time, each part of the pro- 
duction schedule for industrial alcohol can be completely investigated, 
if necessary, using any set of conditions desired. To this end, the 
procedure worked out has been fixed only to the extent of its being 
fairly representative of common industrial practice and on a scale that 
can be fitted into the work of the control laboratory without too great 
a demand on the manpower available. 

All data on proof gallons of alcohol per bushel have been calculated 
to, and reported on, the dry basis of the ingredients of the mash bill. 
In work recently published from other sources, higher alcohol yields 
have been reported for experimental conditions than are generally 
found in these data. By changing the strain of yeast employed, cal- 
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culating the yield on the basis of the nonmalt raw materials and making 
other modifications of the procedure such as using stillage, longer 
fermentation time, yeast foods, germicides, and natural water to take 
advantage of all factors contributing to the highest yield of alcohol per 
bushel of grain, the average yield per bushel reported above can be 
raised. The yield of alcohol found in these tests is, however, suffi- 
ciently high adequately to reflect the results of small changes in any 
phase of the work and is equal to plant results in many cases. In 
deciding many issues the fact of whether or not it was practical had 
considerable influence in determining the procedure to be followed. 
It is obvious, however, that in working on almost any phase of alcohol 
production, individual modifications will have to be made to suit the 
nature of the investigation. 

The most important contributions are, therefore, felt to be in the 
size of the mashes, the general technique of handling the mashes, the 
direct calculations to the item which is ultimately sought, namely, the 
yield in proof gallons per bushel, a minimum of handling and washing, 
and the elimination of errors that may be involved in attempting 
equally to divide suspensions or slurries of insoluble materials. All 
this has contributed to the over-all accuracy and reproducibility of 
results. 

All the data included in this report represent an average of two or 
more separate determinations with the exception of Table IX. A 
variation of 0.06 proof gallon per bushel is about the maximum dif- 
ference found between duplicates with 0.03 proof gallon per bushel 
about the average experienced. 

The various investigations on cooking pressure, cooking time, the 
addition of malt in the cooker, the effect of using more malt than is 
needed for satisfactory conversion, the relationship of diastatic power 
to alcohol yield and the amount of malt required, the use of other 
starchy materials than corn, the effect of dilution on the whole produc- 
tion cycle, of constant temperature during fermentation, and of stillage 
on the alcohol yield all concern questions that have actually arisen as 
problems in industrial alcohol production. 


Summary 

A simple accurate method is presented for testing the fermentation 
of starchy materials with results based on alcohol yields. The mashes 
are handled individually in pint fruit jars. The grains used are accu- 
rately weighed, the water measured carefully, and the whole mash 
adjusted to a definite weight before fermentation. A weighed quantity 
of compressed yeast is used to pitch the mash. The entire mash is 
distilled after fermentation. 
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The usual procedure of laboratory mashing has been simplified by 
elimination of heating of the starch substrate before pressure cooking, 
adding the malt in the dry form instead of as a slurry for conversion, 
using one temperature for fermentation, and the use of compressed 
yeast for pitching. 

The precision of the method is good with a variation of approxi- 
mately 1% between duplicate mashes as well as with mashes of the 
same materials run over a period of time. The use of the individual 
mash, duplicate tests, and duplicate controls with each series of mashes 
has demonstrated the precision of the method. 

Some effects of variations in the procedures used for cooking, con- 
verting, and fermenting are presented in the form of comparative 
results showing the extent to which the alcohol yield is influenced. 
Cooking cannot be eliminated; a minimum of 24 lb pressure for 30 
min must be used. A certain amount of pre-malt is necessary for 
liquefaction; using more than this reduces alcohol yields. Optimum 
alcohol yields were obtained when the mash bill included 15 to 30% 
of malt. When using 11.5% of malt in the mash bill, a wide range in 
the diastatic powers of the malts can be tolerated. The diastatic power 
is more closely correlated with alcohol yields when mash bills of less 
than 11.5% of malt are employed. A short conversion time at 63°C 
seems to be advisable. Some wheat malts yield as much alcohol as 
barley malts when they are used as converting agents. Some raw 
wheat and Kafir corn yield as much alcohol as No. 1 yellow corn. 
Dilute mashes during conversion and more concentrated mashes during 
fermentation give the highest alcohol yields. Stillage cannot be used 
in the cooker but improves the yield when used elsewhere. 

While the data were obtained under experimental conditions, they 
should be of interest to plant operators who do not have the facilities or 
the opportunity promptly to investigate circumstances that seem to be 
affecting their alcohol yields. 
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THE KARL FISCHER REAGENT TO THE DETERMINATION 
OF MOISTURE IN CEREALS AND CEREAL PRODUCTS 
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It must be acknowledged that the determination of moisture, while 
a fundamental part of any analytical scheme, remains one of the most 
empirical of procedures. The reproducible estimation of the chemical 
compound, water, by such an elementary physical change as a loss of 
weight, logically necessitates a strict adherence to predetermined condi- 
tions of temperature, pressure, and physical state of the sample. Even 
with such conditions accurately controlled, the values thus obtained 
may or may not represent ‘‘true’’ moisture contents, depending upon 
the chemical composition of the sample and the presence or absence of 
volatile compounds other than water. 

The development of a chemical method for the determination of 
moisture was greatly retarded owing to the lack of specificity of any 
reagents for water. However, in 1935, Karl Fischer introduced a 
complex reagent consisting of pyridine, methanol, sulfur dioxide, and 
iodine. which possessed such specificity. The reaction between the 
reagent and water cannot be definitely expressed stoichiometrically, 
but it is believed by Smith, Bryant, and Mitchell (1939) that it pro- 
gresses in two steps. In the first stage, the iodine, sulfur dioxide, and 
pyridine combine with the water to give the 1 : 1 complex of pyridine 
and sulfur trioxide which then reacts with the methanol to give the 
pyridine salt of methyl sulfuric acid. This lack of a stoichiometric 
relationship in no way complicates the applicability of the reaction, 
since it is a simple matter to standardize against pure water and to 
calculate the necessary factors. 

The Fischer method of moisture determination possesses several 
advantages over the conventional oven procedure. Of fundamental 
importance is the specificity of the reagent for water. The only ma- 
terials that have been tried that definitely cannot be analyzed with 
the reagent are the inorganic alkalies (Almy, Griffin, and Wilcox, 1940). 
Thus, with the exception of the above-mentioned substances, the 
method can be applied to anything from organic liquids to solid food 
material. Applications have been worked out by Almy, Griffin, and 
Wilcox (1940), Bryant, Mitchell, and Smith (1940, 1940a), Bryant, 
Mitchell, Smith, and Ashby (1941), Kaufmann and Funke (1937), 
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Krober and Collins (1944), Mitchell (1940), Mitchell, Smith, and 
Bryant (1940, 1941), Mitchell, Smith, Ashby, and Bryant (1941), and 
Smith, Bryant, and Mitchell (1939, 1940, 1941). 

Since there is no prolonged application of heat, many substances 
with volatile components and heat labile substances, which could not 
possibly be run in the oven, can be analyzed with the Fischer reagent. 
The most readily apparent advantage of the Fischer method is the 
great amount of time that may be saved by its use. Oven methods 
require drying times from 2-6 hr, whereas, the Fischer determination is 
completed in from 10-60 min, depending upon the time the material 
must stand in contact with the reagent to obtain complete extraction of 
water. One hour is sufficient for most of the cereals and cereal prod- 
ucts as compared to the 3-4 hr required by the oven method. Asa 
striking example of the time that may be saved on some analyses, 
moistures have been run on three samples of dehydrated apples in 20 
min, including the initial weighings. The official oven drying time for 
dehydrated fruit is at least 6 hr. 

The Fischer method requires only one weighing of the sample as 
compared to three in the oven procedure. Furthermore, variations in 
barometric pressure have no effect on the titration but do influence 
oven drying to some extent. 

Stated briefly, the determination consists of adding the Fischer 
reagent to a weighed amount of material until an excess is present as 
denoted by the presence of the brown iodine color. The excess reagent 
is then back-titrated with a solution of water in methanol to the end 
point. With colorless samples the end point may be determined visu- 
ally as the color changes from the iodine brown to a bright yellow. 
However, the change is a gradual progression from red through orange 
and it is difficult to determine the exact end point. 


Apparatus 


Since there is a definite potential change at the end point, the reac- 
tion lends itself admirably to electrometric measurement. Two meth- 
ods have been employed: The first, proposed by Almy, Griffin, and 
Wilcox (1940), using one electrode of platinum and one of tungsten 
and measuring the potential change with a sensitive galvanometer; and 
the second, the method of Foulk and Bawden (1926), employing two 
platinum electrodes with an impressed voltage across them, the end 
point being indicated by a sudden decrease of the current to zero. 
This last method is familiarly known as the ‘“dead-stop end point”’ 
and was first applied to the Fischer titration by Wernimont and Hop- 
kinson (1943). Here again the current flow may be measured with a 
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galvanometer or a cathode ray “magic eye”’ electronic tube. In the 
author’s apparatus the cathode ray tube is used as the end point indi- 
cator, employing an electronic circuit developed by McKinney and Hall 
(1943). The extreme simplicity of operation of the “‘ magic eye’”’ indi- 
cator justifies its use. It is only necessary to adjust the “‘eye’’ to the 
maximum open position for the first titration and the entire run may 
then be made without further manipulation. The titration assembly 
used is essentially that of Almy, Griffin, and Wilcox (1940). 


Reagents 


Fischer Reagent. A 700-ml portion of pyridine, Eastman Reagent 
No. 214-H, is measured into a 1-liter Erlenmeyer flask and tared on a 
platform balance. Gaseous sulfur dioxide is passed from a cylinder 
into the pyridine through a rubber tube until 380 g have been added. 
When the solution has cooled to room temperature, it is transferred to 
a 3-liter container and 1 liter of pyridine and 200 ml of anhydrous 
methanol are added. The solution is cooled in an ice bath and 500 g 
of resublimed iodine are added slowly with occasional shaking. This 
reagent is now on the market and may be purchased ready for use. 

Anhydrous Methanol. Commercial methanol is allowed to stand 
over Drierite for several days and is then distilled from Drierite and 
collected in a receiver protected from atmospheric moisture by means 
of Drierite. 

Standard Water Solution. Five ml of distilled water are added to 
1 liter of anhydrous methanol and this solution is dispensed from an 
automatic buret, protected from atmospheric moisture by means of 
Drierite, directly into the titration flask. 


Standardization 

The following factors are needed: 

1. The relationship between the Fischer reagent and the standard 
water solution is known as factor R. This factor when multiplied by 
the milliliters of Fischer reagent gives equivalent volume of standard 
water solution. 

The factor R, between the standard water solution and the Fischer 
reagent, is determined by titrating 15 or 20 ml of Fischer reagent to a 
dead-stop end point with the water solution. 


_ ml of standard water solution 


ml of Fischer reagent 


2. Constant 6 expresses the correction to be made for the amount of 
water in the 25 ml of methanol used as a solvent for the sample. To 
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determine constant b, 25-ml portions of anhydrous methanol are ti- 
trated by adding Fischer reagent until the brown color of iodine appears 
and back-titrating with the water solution to a dead-stop end point. 
The milliliters of standard water solution, b, equivalent to the water in 
the methanol are calculated as follows: 


b = (ml of Fischer reagent X R) — ml of standard water solution. 


3. Water factor W may be defined as the grams of water per milli- 
liter of standard water solution. This factor when multiplied by the 
net milliliters of standard water solution gives the weight of water in 
the sample. To determine factor W, 0.03- to 0.15-g portions of water 
are weighed from the weighing pipette into dry flasks containing 25 ml 
of anhydrous methanol. Fischer reagent is then slowly added to these 
solutions until an excess is present, and the excess is immediately back- 
titrated with standard water solution to a dead-stop end point. The 
water factor W of the standard water solution is calculated as follows: 


KA Grams of water weighed 
~ (ml of Fischer reagent X R)—(ml of standard water solution) —b 


W 


The final formula for moisture thus becomes: 


% moisture 
_ [(ml of Fischer reagent X R) — (ml of std. water solution) —b ]WX 100. 
= Weight of sample 


Stability of Solutions 


The Fischer reagent exhibits a gradual deterioration upon storage, 
and consequently the factor R must be determined before each day’s 
run. Also asa check on the methanol, it is good practice to determine 
b each day. The water factor W remains constant within the limit 
of experimental error, so need only be determined for each new batch 
of standard water solution. 


Procedure 


In the analysis, a sample containing 50 to 150 mg water is weighed 
into a titration flask. Twenty-five milliliters of methanol are added 
and the mixture brought to the boiling point in a water bath. The 
solution is cooled and the standardized Fischer reagent added to the 
sample until the reagent is present in a 1 to 2 ml excess, indicated by 
the change of color of the solution being titrated from yellow to brown. 
For the complete extraction of water it may be necessary to allow the 
sample to stand in contact with the reagent (keeping an excess present 


4 
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at all times) for varying lengths of time depending upon the nature of 
the material and the physical condition of the sample. The titrating 
flask is placed beneath the standard water buret, the ‘‘magic eye” 
adjusted to the completely open position, and the solution titrated 
until the eye closes. There is a slight lag in the reaction necessitating 
a careful addition of standard water solution as the end point is 
approached. 


Experimental 


Soon after the beginning of the work with cereals, it became ap- 
parent that the two most critical factors were the length of time that 
the material was in contact with the Fischer reagent and the particle 
size of the sample. Figure 1 shows a series of time curves run on three 
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Fig. 1. The influence of time of contact of sample with Fischer reagent on moisture values obtained. 


cereal materials—malt, wheat, and corn grits. The materials were 
ground in.a Wiley mill through the 4-mm screen for the Fischer deter - 
minations. For the oven analyses, the malt and wheat were ground in 
a Seck mill, while the corn grits were analyzed as received. All other 
conditions were held constant. 

It is evident from the curves shown in Figure 1 that maximum 
moisture values are not obtained for any particular cereal until a 
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certain contact time between the sample and Fischer reagent has 
elapsed. This contact time, as indicated by the data presented, is 
different for various materials when all other factors are equal. The 
differences in contact time required to obtain maximum moisture values 
are undoubtedly due to the ease with which the moisture is extracted 
from the sample. All contact periods are preceded by heating in 25 
ml of anhydrous methanol to the boiling point of the alcohol, since it 
was found that this step greatly facilitated the dispersion of the sam- 
ple and the complete extraction of water. A small loss of methanol 
has been observed during this step, but this lo. »~. no influence upon 
the determination. 
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Fig. 2. The influence of particle size of barley malt on the moisture values obtained. Contact time 
of sample with Fischer reagent held constant at 30 min. 

Of equal importance in the analysis is the particle size of the sample. 
Figure 2 illustrates the effect of varying the size. 

It is apparent that the amount of moisture found is related to the 
particle size when all other factors are equal. With the 30-min con- 
tact time used for this experiment, only a grind of 4% mm or less allows 
complete extraction of moisture. By increasing the contact time, 
coarser grinds may be used. For example, by extending the contact 
time to 1 hr it is possible to obtain equivalent results with the Seck 
mill standard extract grind as specified for barley malt by the American 
Society of Brewing Chemists. 

With the two most critical conditions detent particle size and 
contact time, the next step in the evaluation of the method as applied 
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to cereals was to study the reproducibility of results on a single sample. 
Accordingly, 10 determinations each were made on samples of barley 
malt and corn starch. These cereal products were chosen since they 
represent rather wide extremes in moisture values, that is, approxi- 
mately 5 and 10% respectively. 


TABLE I 


STATISTICAL SUMMARY OF MOISTURE DETERMINATIONS ON 
BARLEY MALT AND CorRN STARCH 


Moisture content 


No. of Corn 
Statistical value determinations starch 


% 
Maximum . 12.32 
Minimum 12.14 
Mean ‘ 12.22 
Oven ! mean ‘ 11.60 
Standard error ? (single . 0.07 
determination) 


1 Standard Convection Oven (Freas) A. O. A. C. Methods: Barley malt—5-g atmospheric 
pressure, 104°C, 3 hr. Corn starch—i-g sample, atmospheric pressure, 100°C, 5 

2 be standard errors of 0.03% and 0.07% compare favorably with the errors a in other mois- 
ture met 


TABLE II 
MISCELLANEOUS MOISTURE DETERMINATIONS OBTAINED WITH FISCHER REAGENT 


Moisture content 


Material 


x 
x 


Spent grain 
Spent 
Corn flakes 
Wheat flour 


bo oo 


m Crow 
w& 00 


~ 


hr drying) 
hr drying) 


Oat flour 

Soy flour 

Wheat gluten 
Wheat 

Barley 

Apple nuggets 
Apple nuggets 
Apple nuggets 
Apple nuggets 
Calcium phosphate 
Skim milk powder 


Dried eggs 
C 


ocoa 
Malted milk 
Bouillon powder 
Malt syrup 
Malt syrup 
Malt syru 
Condensed whole milk 
Condensed skim milk 


so 


oo woo 
wre oo- 


(Pycnometer) 
Pycnometer) 
Pycnometer) 


tee EAD COUN 


¥ 
PF Fischer Oven - 
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Sair and Fetzer (1942) have shown that the A. O. A. C. method for 
corn starch does not completely remove the moisture present. With 
the vacuum oven at 100°C for 20 hr they obtain an increase of about 
1% over the A. O. A. C. values. 

Porter and Willits (1944) have also demonstrated that the Karl 
Fischer reagent gives values about 0.4% higher than the A. O. A. C. 
oven method in potato starch moisture determinations. 

Finally, as an illustration of the versatility of the method, analyses 
were made of a variety of materials as depicted in Table II. 

In the range covered, from 1% to almost 80% moisture, the agree- 
ment with the oven method in most instances is remarkable. Ina few 
instances, as with the corn starch in Table I and wheat flour in Table 
II, the agreement is only fair, indicating that further work should be 
done with those materials. All the oven values were obtained by 
following the A. O. A. C. specifications with the exception of malt 
syrup where the moisture was calculated from the specific gravity as 
obtained with the pycnometer. The Fischer values on malt syrup 
required sample dilution with water owing to inadequate dispersion, 
and as a result the size of the original weighed sample was reduced 
to the point where the method ceased to possess any advantages for 
routine control application. This also applies to the determination of 
milk solids where the small sample size would tend to introduce 
sampling errors. 


Summary 


The Karl Fischer reagent can be used for the determination of 
moisture in cereals and cereal products with necessary modifications of 
treatment for various materials. The great saving of time effected, 
together with the accuracy and ease of manipulation, indicates that the 
reagent can be advantageously applied in the cereal laboratory. For 
each specific material, however, the elements of fineness of grind and 
contact time with Fischer reagent must be accurately determined. 
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The relative vitamin content of raw and parboiled rice has been the 
subject of considerable study in recent years in most of the rice-eating 
countries of the world. Much of the work reported prior to 1940 was 
reviewed in the comprehensive memoir by Aykroyd, Krishnan, Pass- 
more, and Sundararajan (1940). The relative thiamine content of raw 
and parboiled rice, milled so as to remove varying amounts of the bran 
and polishings, is of unusual interest at present in view of new processes 
now in use in rice milling. 

The study here reported has been principally confined to California- 
grown Caloro rice and the variations in the vitamin content in raw and 
parboiled ? rice subjected to varying types of milling and processing. 


Methods 


The Biological Method. Thiamine was determined by the rat- 
growth method in the preliminary experiments and by measurement 
as thiochrome in the later series. In two of the rat-growth assays an 
autoclaved yeast-containing basal diet was used, and in three other 
assays a modified vitamin-free diet was employed with the crystalline 
or concentrated vitamins added as supplements. The composition of 
‘these diets is given in Table I. 

On these regimes the weanling rats ceased to gain weight after 3 
weeks or less. The rice fractions to be tested were then fed for 28 days 
to the various groups of rats along with positive control groups receiv- 
ing the equivalent of 1.5 to 10.0 yg of thiamine-chloride daily. The 
weight changes in these control groups are shown in Figure 1. In 
curves 4 and 1 only two levels of thiamine were used for the control 
groups, and this introduces some uncertainty as to interpretation. 
However, it will be noted in Table I] that consistent values were ob- 
tained for the samples included in both these and the other adequately 
controlled assays. This is due to the fact that most of the rice samples 
were fed at levels such that the animals received about 4 ug thiamine 
per day, the point at which three of the control curves converge, and 
the curve 4 is therefore closer to all the others than elsewhere. 


! This study was assisted by the Rice Growers’ Association of California, Sacramento, California. 
2 The parboiled *‘ Malekized” samples were prepared by Mr. M. Yonan-Malek of the Malekized 
Rice Company, San Francisco, California. 
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TABLE I 
COMPOSITION OF DIETS AND SUPPLEMENTS USED IN THIAMINE Assays 


Autoclaved 
yeast diet 


Washed casein 

Salt mixture ! 

Hydrogenated cottonseed oil 
Corn starch 
Sucrose 

Autoclaved yeast 


Vitamin supplements ? 
Vitamin A 
Vitamin D * 
Riboflavin 
Pyridoxine 
Calcium pantothenate 
Choline hydrochloride 
Thiamine-free rice bran concentrate 


1 Hubbell, Mendel, and Wakeman (1937). 
2 Fed separately per rat per week. 
3 Fed as carotene and cod liver oil. 
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Fig. 1. The growth of young rats in response to varying amounts of thiamine. Curves 1, 2, 


and 3 were obtained with the purified basal diet plus crystalline vitamin supplements, and curve 4 
with the basal diet containing autoclaved yeast. 
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$2 THIAMINE CONTENT OF RICES 


TABLE II 


THIAMINE CONTENT OF CALIFORNIA-GROWN CALORO RICE OBTAINED BY THE RAT- 
GrRowTH METHOD, IN MICROGRAMS PER GRAM, CALCULATED ON 
Raw Basis 


With 
autoclaved With purified basal diet 
yous basal and vitamin supplements 

et 


Assay 1 
May 1941 Aug. 
1941 


Assay 2 
Oct 


Assay 3 
. Dec 
1941 


1941 


ugle ugle 


Bran and polishings 
Bran 40.0 
Polishings 25.0 


Brown rice 
Brown rice, raw 3.8 
Brown rice, cooked 20 min 


Parboiled rice 


Parboiled brown rice, raw 2.2 2.2 2.1 
Parboiled brown rice, cooked 15 to 20 min 2.6 2.5 2.5 
Parboiled brown rice, canned 

(Method 1) 1.2 

(Method 2) 1.8 1.4! 
Parboiled undermilled rice, raw 3.0 pe 2.3 
Parboiled undermilled rice, cooked 15 min 2.3 2.3 1.9 
Parboiled undermilled rice, canned 

(Method 1) 0.8 

(Method 2) 2.0 2.0 

(Method 3) 1.1 

(Method 4) 1,3! 


Polished rice 
Polished rice, raw 0.9 0.9 
Parboiled polished rice, canned 

(Method 1) 0.6 0.5 


! Stored canned 2 months at 20°C. 


The weight gains of the depleted rats were somewhat larger, for the 
same thiamine intakes, when the basal diet contained autoclaved yeast 
than when the purified basal diet and crystalline vitamin supplements 
were used. The response in both cases, however, was proportional to 
the amount of thiamine fed. When these gains were plotted against 
the logarithms of the thiamine dosages, a satisfactory linear relation 
was established. 

One of the difficulties in thiamine assays by the rat-growth method 
using the autoclaved yeast diet has been the abnormal growth of those 
rats found to be coprophagous. This habit may not be recognized im- 
mediately or even in the early part of the experiment and may necessi- 
tate the elimination of one or several rats from a selected group after 
the experiment is fully underway. On the synthetic basal diet this 
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condition did not interfere with the determinations, although in some 
assays as many as 30 to 35% of the rats were found to be coprophagous. 
When the rats were depleted within 3 weeks (which occurred in 95% 
of the cases), all reacted comparably on whatever levels of thiamine 
they were fed. Possibly the autoclaved yeast and/or the corn starch 
promoted the development of intestinal bacterial flora capable of 
limited thiamine production. 

The rice was given separately along with the vitamin supplements 
in amounts varying from 0.5 g every 2 days to 6 g per day. These 
amounts were calculated to provide approximately 3 to 5 ug of thiamine 
per day. 

Rice bran and rice polishings were given three times a week to 
provide 0.25 and 0.50 g per day. The raw rices were ground fairly 
fine and fed three times a week in amounts equivalent to 0.5 to 2.0 g 
perday. The cooked rices were fed in amounts varying from 6 g every 
other day to 6 g per day, and the canned rices were fed daily in amounts 
varying from 4 to 6 g. 

The Chemical Determinations. The thiochrome method described 
by Conner and Straub (1941) was used to assay certain rice samples 
which were extracted according to the procedure of Kik (1943). Two- 
year-old samples of rice bran, rice polishings, and raw parboiled rice 
which had been previously assayed by the rat-growth method were 


examined along with fresh samples of bran and polishings to determine 
the effect of storage upon the retention of thiamine and to compare the 
values obtained by the two methods. 


Description of the Samples 


The Raw Rice Samples. Four kinds of California-grown (Caloro) 
raw rice were fed. 

1. Brown or husked rice. The outer hull alone had been removed. 
Because of the short thick shape of this variety of rice grain, the germ 
and bran layers are not as easily lost in hulling operations as is the case 
with the long grain varieties. 

2. Parboiled brown rice. This is the same brown rice subjected 
to a preliminary soaking and steaming in the paddy form, then husked 
and dried. 

3. Parboiled undermilled rice. The parboiled dried rice was 
lightly milled so as to remove most of the outer bran but retained the 
germ and one or more of the inner bran layers. 

4. Polished white rice. This was completely milled white rice 
containing neither bran nor germ. 

In addition, samples of rough or paddy rice were obtained in Texas, 
Louisiana, and Arkansas, including samples of Caloro, Blue Rose, 
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Early Prolific, Colusa, and Rexoro rices. ‘ These samples were hand 
milled, husk only being removed, and examined by the thiochrome 
procedure as soon as they were received. The remainder of the sam- 
ples was stored and re-examined by the same method 6 months later. 

Cooked Rice. The brown rice cooked 30 min, the parboiled brown 
rice cooked 20 to 25 min, and the parboiled undermilled rice cooked 
15 to 20 min were also included in these thiamine assays. 

The raw rice samples were weighed out in 100-g amounts, washed 
quickly with 100 to 150 ml of tap water, and cooked in a beaker with 
180 to 200 g of water. The amount of water used was calculated so 
that when the rice was cooked no excess water remained. The brown 
rice was found to be gummy and sticky, but the two parboiled rices 
were flaky and the grains separated easily. The final weight of the 
100 g of rice was found to vary between 260 and 285 g after cooking. 

Canned Rice. All of the canned rice—brown, undermilled, and 
white—was of the parboiled type since only parboiled rice had been 
found in preliminary tests to produce a satisfactory canned product. 

Four variations in canning method were studied: 

Method 1: The rice was cooked in a large excess of water (10 : 1), 
drained thoroughly, then filled into the cans while hot. The cans were 
sealed immediately and sterilized 70 min at 117.8°C (242°F). 

Method 2: The same method was followed but the rice was cooked 
in a minimum amount of water with none discarded. 

Method 3: The same process as in method 2 was followed except for 
preliminary washing of the rice in 1 to 2 volumes of water. 

Method 4: The raw rice and water were measured into the can, 
vacuum sealed, then heated for 15 min in a rotary sterilizer at 100°C 
(212°F), then sterilized for 50 min at 117.8°C (242°F). 

Storage. All samples were stored at anproximately 20°C in a dark 
cupboard in a basement laboratory in which the temperature varied 
very little. The rice samples were kept in muslin or heavy paper 
sacks, the bran and polishings in screw top glass jars. 


Results 


The results of the biological assays are summarized in Table II. 
The three assays in which purified basal diet and crystalline vitamin 
supplements were used can be fairly compared with each other. Al- 
though 4 months of storage intervened between the first and the third 
of these assays, no significant changes occurred in the thiamine content 
of the parboiled rice except in the canned samples. The parboiled 
brown and undermilled samples were about equal in value and con- 


* The preliminary tests were made and some of the canned boiled ‘‘ Malekized" sam o- 
vided by Mr. M. Yonan-Malek. = > 
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tained somewhat more than half the thiamine present in the raw 
brown rice. 

Cooking may have increased the digestibility of the parboiled 
brown rice, since the thiamine value of the cooked rice appeared higher 
than that of the raw. When cooked and examined in a different assay 
and 7 months later than the uncooked rice, the raw brown rice appeared 
to have somewhat decreased vitamin content, but no definite conclusion 
can be drawn that this was due to loss in cooking. Nevertheless, the 
cooked barboiled brown rice contained approximately 75%, and the 
cooked parboiled undermilled 57%, of the thiamine present in cooked 
whole rice—all determined by the same assay. 

Canning by methods 1 and 3 caused over 50% loss of thiamine in 
the parboiled samples, but by methods 2 and 4 less than 30% loss. 
In 2 months’ storage at 20°C two out of three canned samples lost an 
additional 20 to 25% of their thiamine. The parboiled undermilled 
samples canned by methods 2 and 4, which ensured the least loss of 
vitamin by leaching, contained approximately 2.0 ug thiamine per 
gram as compared with 3.8 in the raw brown rice, 3.3 in the same 
cooked, and less than 0.5 in the canned polished rice. This canned 
parboiled undermilled rice was an acceptable cream-colored product 
with the grains intact. : 

These data agree substantially with those of other workers who 
have used chemical or biological methods. Andrews and Nordgren 
(1941), using the thiochrome method for rice bran and polishings, found 
37.5 and 30.0 ug of thiamine per gram of bran and polishings, respec- 
tively. Aykroyd et al (1940) in an extensive study on raw and par- 
boiled, milled and unmilled rice using the thiochrome and bradycardia 
methods found about 1.0 ug of thiamine per gram of polished rice, and 
approximately two to three times that amount in the parboiled and 
undermilled rices. Several Indian varieties of brown raw rice had 
somewhat larger thiamine values. Our results with raw and parboiled 
California rice agree excellently with theirs. Kik (1943) reported 
similar values for rough rice and whole brown rice, 3yug/g. 

The undermilled parboiled rice which we studied retairied consider- 
ably more thiamine than either the milled parboiled or the undermilled 
nonparboiled samples examined by Kik (1943), and compare favorably 
in this respect with the ‘‘converted”’ rice samples reported on by Kik 
and Van Landingham (1943a). 

Aykroyd et al (1940) and, more recently, Swaminathan (1942) 
studied the effect of cooking upon the vitamin value in rice from a 
different point of view than that here examined, since they emphasized 
the losses caused by the customary excess washing and cooking 
processes. They found (1) that preliminary washing three times in 
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1% volumes of water caused a loss of 10 to 60% of the total thiamine 
present and that cooking in 7 volumes of water caused the loss of an 
additional 15 to 30% if this water is discarded. They thus demon- 
strated that from 40 to 85% of the total thiamine present may be lost 
in the cooking and washing waters. Swaminathan (1942) demon- 
strated that under similar conditions parboiled rice lost 10% or less of 


TABLE III 


THIAMINE CONTENT OF CALIFORNIA-GROWN CALORO RICE, OBTAINED CHIEFLY BY 
THE THIOCHROME METHOD, AS AFFECTED BY STORAGE 


Age when Total es Loss in 
Sample Crop om ” storage period | Thiamine 6 months 


months % 


Bran 1940 
27 18 
33 13 28 
1942 6 26 


19 


Polishings 1940 3 


1942 


Raw brown 1940 6 3.8! 
24 3.0 
6 23 23 
1942 6 3.6 
6 2.8 22 
Polished 1942 6 1.0 
6 0.8 20 
Parboiled brown 1940 9 2.2! 
6 2.2! 0 
1941 2 2.2! 
16 3:5 
22 2.6 0 
Undermilled 1940 9 2.3! 
3 2.3! 0 
Well milled 1941 18 12 
1.0 


1 These values were obtained by the rat-growth method (Table II). All others by the thiochrome 


method. 


its thiamine in the wash waters, but that approximately 25% of that 
remaining was lost in the cooking water. He found that the cooked 
parboiled milled rice contained nearly six times as much thiamine as 
the similarly treated raw milled rice. 

In this study it was found, on the contrary, that with minimum 
preliminary washing and cooking in the least possible amount of water 
so that little or none remained to be discarded, the loss of thiamine from 
brown and parboiled undermilled rice may be reduced to 15% or less. 


| 
| 
| 6 21 | = 
| 25! 
27 12 
33 10 16 
6 26 
, 6 26 0 
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The canning of the parboiled rice, however, caused a further loss of the 
vitamin which may be as much as 15 to 30% of that present in properly 
cooked rice. 

In Table III the thiamine contents of these Caloro rice samples 
as determined by the thiochrome method are listed with a few of the 
earlier figures secured by biological assay. Results of determinations 
made by the same procedure and 6 months apart were compared to 
detect the loss of thiamine in storage at 20°C. The age of the samples 
when first assayed was reckoned from the usual time of harvest and is 
therefore only approximately correct. In the 6 months of observed 
storage, bran, polishings, raw brown rice, and raw polished rice lost 16 
to 28% of the thiamine, with the exception of one sample of polishings 
which appeared to be unchanged. The parboiled brown and under- 
milled rice, on the other hand, did not lose thiamine in similar storage. 
The thiamine of a parboiled well-milled sample declined 16%. 

In Table IV is shown the effect of variety, origin, and storage upon 
the thiamine values obtained by the thiochrome procedure. The five 
varieties studied, Caloro, Blue Rose, Early Prolific, Colusa, and Rexoro, 
vary relatively little, all containing 3.2 to 4.0 ug/g of raw brown rice. 
The same variety grown in widely different parts of the country, Cali- 
fornia, Texas, Louisiana, and Arkansas, also had little variation in 
thiamine content. These findings do not agree with those of Kik 
and Van Landingham (1943) who concluded that the thiamine content 
of different varieties differs and that the same variety may have differ- 
ent thiamine values when grown in other localities. It is possible 
that different periods and conditions of storage may account for these 
variations. 

After 12 months’ further storage of these samples (Tables III and 
IV) -under the same conditions, the analysis was repeated and little 
further loss discovered except in the case of the 1942 bran in which 
the thiamine had declined to 17 ug/g. In six of the 14 raw brown 
rice samples (Table IV) there were further small losses, 6 to 10%, 
during the 12 months, but in eight samples no further loss occurred. 
Three parboiled samples also lost no thiamine. 

The losses in storage, 6 months at 20°C, were variable, 0 to 30% 
of the thiamine present in the samples when first examined. Of the 
14 samples, seven lost 18% or more, four lost 9 or 12%, and three 
lost 3% or less. This loss of thiamine by stored rice was mentioned 
by Saiki (1937) in a paper on rice culture read in Tokyo in 1930. He 
stated that “the vitamin content of rice decreases gradually in storage, 
even when properly stored. Rice is harvested in autumn in Japan. 
By May and June the following year, when moisture and temperature 
of the air rise, the vitamin content of rice goes down quickly.” 
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If the thiamine values obtained by the biological method may be 
used in comparison with those obtained by the chemical method later 
(Table IV), it may be concluded that the loss is continuous. In the 


TABLE IV 


THIAMINE CONTENT OF RAW BrRowN RICE AS AFFECTED BY VARIETY, ORIGIN, AND 
STORAGE, DETERMINED BY THIOCHROME METHOD 


Age when Total eo Loss in 
Variety Origin x ___#F storage period Thiamine 6 months 
months months uele % 
Caloro California! 6 3.6 
12 2.8 22 
Beaumont? 6 4.0 
12 3.1 22 
Crowley* 6 3.9 
12 3.2 18 
Stuttgart* 6 3.9 
12 3.8 3 
Blue Rose Beaumont 6 3.5 
12 2.7 23 
Crowley 6 3.5 
12 3.2 9 
Stuttgart 6 3.2 
12 2.8 12 
Early Prolific Beaumont 6 3.9 
12 3.1 21 
Crowley 6 3.8 
12 28 
Stuttgart 6 3.2 
12 2.9 9 
Colusa Beaumont 6 3.5 
12 3.4 3 
Stuttgart 6 3.6 
12 25 30- 
Rexoro Beaumont 6 3.2 
12 2.9 9 
Crowley 6 3.2 
12 3.2 0 


1 Samples obtained from the Rice Growers’ Association of California, Sacramento, California. 

2 All Beaumont samples obtained from H. M. Beachell, U. S. Department of Agriculture, Texas 
Agr. substation No. 4, Beaumont, Texas. 

3 All Crowley samples obtained from J. M. Jenkins, U. S. Department of Agriculture, Rice Experi- 
ment Station, Crowley, Louisiana. 

4 All Stuttgart samples obtained from C. R. Adair, U. S. Department of Agriculture, Rice Branch 
Experiment Station, Stuttgart, Arkansas. 


case of rice bran and polishings, 54% was lost in 2 years and 60 to 67% 
in 2% years. The raw brown rice, stored in the husk, lost 27% in 2 
years and 40% in 24% years. However, the parboiled rices appeared 
to be stabilized against these losses in storage. 
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Summary 


California-grown rice, chiefly of the Caloro variety, was examined 
by rat-growth and thiochrome methods for thiamine content to deter- 
mine the effect of milling, parboiling, cooking, and canning. 

Effect of Milling and Parboiling. The raw brown rice, only husk 
removed, contained more thiamine than any milled samples, 3.8 ug/g. 
Parboiled brown and undermilled rice were next in thiamine value, 
containing 2.2 to 3.0 ug/g. Polished rice contained the least thiamine, 
less than 0.9 ug/g. 

Effect of Cooking. Cooking in the minimum amount of water, with 
no liquid discarded, produced no loss in the parboiled rices, but may 
have caused some loss in the raw brown rice. 

Effect of Canning. Canning the parboiled brown or undermilled 
rice with the minimum amount of water in the preliminary cooking 
produced about 15% loss of thiamine. When large amounts of water 
were used in the preliminary cooking, the canned rice was found to 
have lost 50% or more of the thiamine. 

Effect of Variety and Origin. Samples of brown rice of five varieties 
obtained from two or more rice experiment stations were assayed by the 
thiochrome method when first received and after 6 months’ storage at 
approximately 20°C. Nosignificant differences were found in thiamine 
content due either to variety or place of origin. All contained 3 to 
4 wg thiamine per gram. 

Effect of Storage. Aftet 6 months’ storage at 20°C under good 
conditions, loss of thiamine in brown rice was found to vary from 0 to 
30%. Rice bran and rice polishings lost 16 to 28% during 6 months’ 
storage; when re-examined after 24 months they were found to have 
lost 50 to 67% of the thiamine. Canned parboiled rice was also found 
to lose 20 to 30% during 3 months’ storage, but parboiled brown and: 
undermilled rice samples did not appear to lose thiamine in storage. 
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DOUGH DEVELOPMENT AND MECHANICAL GLUTEN 
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C. O. SwAnson and A. C. ANDREWS 


Kansas Agricultural Experiment Station, Manhattan, Kansas 
(Received for publication April 16, 1944; presented at the Annual Meeting, May 1944) 


With the introduction of high-speed dough mixers it was frequently 
observed that sticky or undesirable dough handling properties devel- 
oped as a result of overmixing, more with some flours than with others. 
It was also found to be more difficult to separate the gluten as a rubbery 


wad from overmixed than from normally mixed dough. This situation 
was a challenge to investigate some of the transformations in gluten 
which take place as a result of prolonged mechanical mixing. 

According to Osborne (1907) the protein mass that separates from 
dough by working and washing in water, long known as gluten, con- 
sists chiefly of gliadin and glutenin combined with about twice their 
weight of water. The composition given by Dill and Alsberg (1924) 
and by Norton (1906) shows that crude gluten contains several sub- 
stances besides the proteins gliadin and glutenin. These substances 
are mostly fat, fiber, ash, and starch, but by far the larger part consists 
of the proteins mentioned. Blish (1930) differentiated between the 
gluten and the nongluten proteins in flours. The question of the 
formation of gluten from the proteins gliadin and glutenin has been 
raised by the work of McCalla and Rose (1935). Rich (1936) con- 
cludes: ‘‘The present view of the existence of five distinct protein 
substances in wheat flour is not justified by recent work.”’ Similar con- 
clusions were previously expressed by Gortner and Sinclair (1928, 1929). 
These references show that the constitution of the substance obtained 
as a rubbery wad when a piece of dough is worked and washed in water 
is not accurately known. 


1 Contribution No. 112, Department of Milling Industry and No. 293, Department of Chemistry. 
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Of particular interest to the subject matter in this paper is the work 
of Sandstedt and Blish (1933), who state that all of the proteins in wet 
gluten may be dispersed by acetic acid in almost any concentration. 
Further, if this acid is neutralized ‘the gluten at once coagulates and 
can be recovered in its original and coherent form. Redispersion and 
recoagulation can be repeated many times by these methods without 
noticeably changing the physical properties of the gluten.” 

The contrasting destructive action of alkali was shown by Blish and 
Sandstedt (1929). While all the gluten proteins could be dispersed by 
alkali in a short time, there invariably is a destructive irreversible alter- 
ation regardless of the concentration of the alkali employed. 

Thus, there may be a type of dispersive change from which the 
gluten may be recovered, in contradistinction to the type of change 
from which the gluten may not be recovered. In this paper we are 
dealing only with nondestructive mechanical dispersion. There are 
varying degrees of such mechanical dispersion ranging from that which 
exists in well-mixed dough, to that which results from prolonged mixing. 
From the former, gluten may be readily separated by washing; from the 
latter, separation may be obtained by special methods to be described. 

Bohn and Bailey (1936) demonstrated the influence of severe mixing 
on the stress readings of a small dough cylinder. After 4 min mixing 
in the Hobart-Swanson mixer, the dough piece broke under a 1-min 
stress, while no breaking occurred after 30 min mixing in the farino- 
graph. It is this lack of coherence in severely mixed doughs that makes 
the gluten separation by washing difficult or impossible. 

After the pull-fold-repull type of mixer had been developed (Swan- 
son and Working, 1926), it was observed that separating the gluten 
from starch and assembling the same into a wad by washing the dough 
in water became more and more difficult and finally impossible when 
the mixing time was sufficiently prolonged. This difficulty is due to 
the following factors: the dough is so sticky that it is difficult to manip- 
ulate during washing; the coherence is not sufficient to hold the dough 
piece together, and consequently dispersion takes place before the 
gluten wad can be assembled; the gluten seems to be finely dispersed 
among the starch granules, causing the gluten particles to separate 
and scatter together with the starch. In this paper it will be shown 
that the gluten is not destroyed or disintegrated by prolonged mixing. 

Recording the Stage of Mixing. The development of the recording 
dough mixer (Swanson and Working, 1933) made it possible to deter- 
mine more accurately at what stage of mixing the dough became sticky 
and the separation of gluten by washing became difficult and fnally 
impossible. A certain amount of mixing is necessary in order to dis- 
tribute the water so that all flour particles are wetted. For gluten 
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washing only a minimum amount of mixing is necessary if the dough is 
allowed a rest period between mixing and working. With more ex- 
tended mixing, rest periods were not found to be of any value in these 
studies. Gluten could be easily washed when the dough was taken at 
any stage of the upslope of the mixogram (Swanson and Johnson, 
1943). Stickiness developed as soon as the mixing had proceeded 
beyond the peak of the mixogram, causing increasing difficulty in ob- 
taining gluten by washing until finally none could be secured. 

Response to Mixing in Different Flours. The observations of Swan- 
son and Working (1926) on the difficulty of washing gluten from an 
overmixed dough were made on flours which have an average or longer 
mixing time. However, flours from Chiefkan, Red Chief, and some 
others have a mixing time about one half that of Tenmarq and most 
spring wheat flours. On doughs from such flours requiring a short time 
to reach the peak and equally short time to descend to the point where 
the curve band becomes a narrow smooth line, the observations for- 
merly made were found to be only partialiy true. When the mixing 
had proceeded until the curve became a narrow smooth line, the dough 
was very slack and practically impossible to handle in the washing 
process. By covering this dough with wheat starch and using some 
on the hands, it became possible to wash out the gluten. This indi- 
cated that the stiffness of dough while being mixed was a factor in 
mechanical dispersion (Swanson, unpublished data). These observa- 
tions suggested the need for further experimentation. 


General Purpose and Theory of This Investigation 


The general purpose of the investigations reported in this paper was 
to obtain information on some of the factors which influence gluten 
dispersion, such as the rate and amount of dough development and the 
flour-water ratio, as determined by the stiffness or slackness of dough. 

It was desired to learn whether overmixing which results in the 
undesirable dough handling properties merely causes increase in gluten 
dispersion among the starch granules or whether the changes which 
make gluten separation by washing difficult or impossible are due to 
structural changes in the gluten proteins. If gluten can be recovered 
from severely mixed dough by washing, the structural changes, if any, 
must be small or reversible. 

Very little information is available relative to changes which take 
place in gluten when the mixing of dough is prolonged except that the 
difficulty of separating the gluten by washing increased and finally 
seemed impossible. One of the main problems in technique was to 
devise methods by which the gluten in severely mixed dough could be 
separated from the starch and assembled into a wad. The experiments 
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included in this paper are limited to flour and water doughs except 
where either sodium chloride or starch was used as a possible means of 
stiffening the dough to aid in gluten washing. The relationship be- 
tween stiffness of dough and extent of mechanical dispersion of gluten 
was investigated. The influence of wheat variety was partially 
included. 

The following is assumed to take place when dough is mixed by the 
pull-fold-repull process which is the principle of the mixograph. The 
size and configuration of the protein particles as they exist in flour do 
not seem to be accurately known. Their sizes are much below that of 
the smallest starch granules and they possibly have a branched struc- 
ture (Lloyd and Shore, 1938), (Schmidt, 1938). Calculation on the 
basis that water comprises about two thirds of the mass of wet gluten 
shows that (Swanson, 1943) the protein which constitutes about one- 
sixth to one-seventh of the mass of dough from hard wheat flour holds 
about one-third of the total water so tightly that it cannot be readily 
squeezed out. 

Mixing is an aid in distributing the water so that all the flour 
particles are evenly wetted. From one-third to one-half of the water 
in dough has been shown to be free (Skovholt and Bailey, 1935), 
(Vail and Bailey, 1940). The existence of this free water enables the 
gluten particles to draw together into larger masses. Baker (1941) 
has presented photomicrographs of films which form the cell walls in 
the crumb of overproofed bread. These show that the gluten material 
in the wall of the membrane is continuous. This gives the bubble its 
gas-holding properties. Since this continuous structure of the glu- 
tenous material was found in bread it must have existed in the 
dough. 

The gluten in dough thus seems to exist as a three-dimensional, 
continuous fibrillar or brush heap structure. The upslope of the mixo- 
gram represents the building up of this system making it stronger. 
This increases the resistance to the pins moving through, pulling, and 
folding the dough. At the peak, the dough is fully developed me- 
chanically as shown by its familiar smoothness. At any stage of the 
upslope, separation of gluten by washing in water is comparatively 
easy. At the peak, the gluten fibrillar network apparently begins to 
break apart. This lessens the resistance, as shown by the downslope of 
the mixogram, and accounts for the increasing stickiness of dough when 
the mixing has proceeded to the point where the mixogram band is 
narrow and usually smooth. The gluten network seems to be pulled 
into fragments more or less connected, becoming so minutely inter- 
mingled among the starch granules that separation of gluten by ordi- 
nary washing first becomes difficult and finally impossible. 
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Materials and Methods 


Tenmarg flour with a protein content of 12.6% was used for most of 
the work. The normal absorption of this flour was 67.4% and the time 
to reach the peak of the mixogram was approximately 34% min. This 
flour was a blend of several samples and had been stored at about 45°F. 
Flours from Chiefkan and hard white wheat were used for supple- 
mentary work because of their known short mixing time, about half 
that of Tenmarg. Doughs employed for gluten washing were usually 
obtained in connection with making the mixograms so as to have an 


Fig. 1. Influence of time or amount of mixing. (Explanation in Table I) 


indication of the stage of mixing and the physical condition of the 
doughs. The stage or amount of dispersion was judged mainly by the 
facility with which the dough could be handled during washing in 
softened city water. The gluten wad, when obtained, was weighed 
in the wet condition immediately after washing. The observed ease, 
difficulty, or inability of obtaining the gluten and its amount indicated 
the condition or extent of dispersion. 

The mixogram pattern is a fairly precise physical measure of the 
physical condition of the dough, but it does not always indicate the 
amount of mechanical gluten dispersion. Separation and weighing of 
the wet gluten is quantitatively only an approximate method, but by 
following a uniform procedure, comparative results may be obtained. 
A uniform procedure is more readily foliowed when washing ordinary 
flour dough than when the doughs are in various stages of stiffness as a 


| 
4 
| 4 { $--$-4 -{- 4-4 + 
/ 


Jan., 1945 C. O. SWANSON AND A. C. ANDREWS 65 


result of prolonged mixing, addition of some agent, or altering the flour 
and water ratio. In these investigations it was therefore necessary to 
obtain such pronounced differences in the comparisons that the main 
conclusions would not be affected by the inevitable experimental 
variations. 

Special procedures were devised to separate gluten from doughs in 
which dispersion had been carried to such an extent that the ordinary 
washing process was inadequate. These will be described in connec- 
tion with the separate experiments. 


TABLE I 
INFLUENCE OF TIME OR AmMouUNT OF MIXING (FIG. 1) 


Mixo- 
Mixing} Wet 
time | gluten Treatment and observations 


VARYING ABSORPTION AND MIXING TIME 


Absorption 64%. Gluten-washed fairly easily. 

Absorption 60%. Gluten next to impossible to as- 
semble in washing. 

Absorption 63%. Gluten impossible to assemble by 
washing. 


STIFFENING DOUGH AT END OF MIXOGRAM BY NaCl, STARCH, OR GROUND DRIED GLUTEN 


2 11 14.4 | Added 2g NaCl. Gluten easy to assemble by washing. 
11 | 12.6 | Added 8 g starch. Gluten difficult to assemble by 
washing. 

11 | 23.7 | Added 3 g dry ground gluten. Gluten easy to assemble 
by washing. 


DIVIDING OVERMIXED DOUGH OR USE OF WBCF METHOD 


12 Removed 4% overmixed dough and replaced with corre- 
sponding amounts of flour and water. . 

Portion remixed 1 min with fresh flour. Washed. 

Other portion. Washing tried. 

63% absorption. Used WBCF method. 

Repeated mixings after the addition of starch. WBCF 
method. Short gluten. 

.6 | Absorption 66%. 0.7 g NaCl added at start of mixing. 

| WBCF method. Short gluten. 


Mixograms obtained from mixing doughs at various degrees of 
stiffness for various lengths of time are shown in Figure 1, and the 
various supplementary treatments as well as the figures for the 
amounts of wet gluten obtained are given in Table I. The mixograms 
in Figure 1 were selected to illustrate the principal observations on 
which the discussions are based. 
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Effect of Absorption and Length of Mixing. The dough mixed to 
the stage represented by the end of the mixogram with 64% absorption 
(1A) was difficult to handle in the washing process, but with a liberal 
use of starch on the hands it could bedone. This added starch remains 
mostly on the outside and can be washed away. A dough mixed to 
this extent approaches the limit at which separation can be made 
without resort to the special methods to be described later. There are 
two difficulties to overcome: one is the stickiness or adhesiveness of the 
dough and the other is the tendency for the dough to fall apart rather 
than for the gluten to assemble into a wad as happens when the dough 
is mixed only a few minutes. Before attaining needed experience the 
conclusion could be reached that gluten separation from such overmixed 
dough is impossible. In a normally mixed dough as used for baking, 
the gluten tends to adhere together so that it can be assembled into a 
wad as the starch is washed away. In overmixed dough, however, 
fragments of gluten and dough tend to stick to the hands and be washed 
away. This dough also tends to fail apart and thus increases the me- 
chanical losses. The line of demarcation between these two conditions 
in washing is not sharp. 

When the absorption was 60% (1B) the dough was rather stiff, as 
shown by the wider swings of the pen on the upslope. This results in 
a more minute dispersion of the gluten among the starch granules. 
The separation by washing was almost impossible from this dough. 
When the mixing time was increased to 12 minutes with 63% absorp- 
tion (1C), separation by the washing process appeared to be impossible. 
Rest periods for overmixed doughs were found to be of little value. 
Impossibility was judged to exist when the dough fell apart and the 
gluten material could not be assembled. 

Methods of Assembling Gluten from Overmixed Doughs. Several 
methods were tried to overcome the difficulties encountered in washing 
overmixed dough so that it could be handled in the washing process 
and the gluten separated. Sodium chloride (2 g), wheat starch (8 g), 
or dry powdered gluten (3 g) were each in turn added at the end of the 
mixogram or at the stage of mixing when gluten could not be assembled 
by washing. These were then incorporated by remixing for 1 min after 
which the dough was washed for gluten. 

The addition of 2 g sodium chloride (2A) after 10 min mixing made 
the dough considerably stiffer than at the peak. This was probably 
due to the appropriation of water by the ions Nat and Cl-, as discussed 
by Swanson and Andrews (1944). Such stiffness facilitated the han- 
dling of the dough in the washing process, but the gluten was difficult 
to assemble. Several subsequent trials indicated that in many in- 
stances sodium chloride was not a desirable aid in assembling gluten. 
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The addition of 8 g starch (2B) made the dough somewhat stiffer 
than at the peak. The gluten from this stiffened dough was even more 
difficult to assemble than when sodium chloride was used. Mixing in 
more starch simply makes the dough stiff enough to handle at the start 
of the washing process. As this added starch is washed away, the 
sticky dough clings to the hands, falls apart, and the gluten is assembled 
into a wad with difficulty. Several experiments showed that starch is 
a better aid in handling and washing when used on the outside of the 
sticky dough and on the hands than when mixed in as in 2B. 

The addition of 3 g dry powdered gluten (2C) and remixing made 
the dough as stiff as at the peak and the process of separation was as 
easy as with slightly mixed dough. The larger amount of gluten 
(23.7 g) is accounted for by the added gluten. Assuming that 14g (1A) 
would have been obtained from a normally mixed dough, then 9.7 g 
came from the 3 g added dry gluten. This agrees with the general 
observation that wet gluten weighs a little more than three times as 
much as the dry. The function of the added ‘gluten in facilitating the 
separation from the starch was to stiffen the dough so that it could be 
handled, and also to furnish nuclei on which the finely divided gluten 
particles in the overmixed dough could be assembled. While this 
method was satisfactory from the standpoint of gluten separation, it 
would not be satisfactory when studying the effects of certain agents. 

The removal of approximately one-half of the overmixed dough from 
the mixing bowl and its replacement with a corresponding amount of 
flour and water, followed by 1 min remixing, made the separation of 
gluten fairly easy. The 15.2 g wet gluten obtained (3A) indicated 
that all the gluten from the overmixed portion of the dough as well as 
that from the added flour was assembled by this procedure. In this 
case the gluten from the added flour furnished nuclei on which the 
more dispersed gluten in the overmixed portion could be assembled. 
This procedure is cumbersome because of the difficulty in dividing the 
sticky overmixed dough. Removal of less than half and replacing with 
corresponding amounts of flour was tried, but this proved even less 
satisfactory. 

Use of the Waring Blendor and Centrifuge. The most successful 
method of separating the gluten from overmixed doughs was developed 
with the use of the Waring Blendor and a No. 2 International centri- 
fuge. While this method requires two preliminary operations before 
the washing process starts, it proved to be applicable to a wide variety 
of dough conditions. It proved to be especially useful in differentiat- 
ing between mechanical gluten dispersion and enzymatic degradation. 

A separation of most of the gluten from starch is effected when 
dough from 35 g flour is mixed in the bowl of the Waring Blendor with 
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about 350 mi water using the low speed for 5 min. As soon as the 
agitation is stopped, a heavy foam rises to the top and heavier material 
settles at the bottom. The two layers are separated by a semiclear 
liquid. The solid material in the bottom is mostly starch, while the 
foam on top consists mainly of gluten, water, and some starch. 

Centrifuging the foam for 5 min at about 2,000 rpm proved to be 
the best method of removing the excess water from this foam. After 
about 5 min rest in the bowl the foam could be skimmed off with a large 
spoon and placed directly in the 300-ml brass cups of the centrifuge. 
The glutenous material settled to the bottom with an almost clear 
liquid above and a layer (usually thin) of froth on top. This froth 
proved to. be of no particular importance in the investigations of this 
paper. After pouring off the liquid, the glutenous material was re- 
moved from the bottom of the cup with a squared off, stiff spatula. 
When starch was used on the hands to facilitate handling, the gluten 
could be easily separated by washing unless there had been enzymatic 
or bacterial degradation. A similar procedure was successfully used 
with flour. 

Numerous trials showed that the amounts of wet gluten obtained by 
this method were somewhat less than when washed from doughs, 
apparently owing mostly to mechanical losses inherent in the method. 
The procedure with the Waring Blendor together with the centrifuge 
will be referred to as the WBCF method. 

Gluten Obtained by the WBCF Method. From a dough mixed for 26 
min (3B) 12 g wet gluten were obtained. Several repetitions with 
similar results proved the adequacy of the method for doughs which 
were mixed to the stage where the separation by washing was im- 
possible. The dough from Tenmarq flour mixed for 26 min (3B) in 
the mixograph was still stringy. Another dough which was mixed for 
15 min in the laboratory mixer had lost all dough characteristics and 
behaved like a paste such as described by Swanson and Working (1933, 
Fig. 5, p. 8). The main reason for this result is the longer pull owing 
to the wider swing of the moving pins of the larger mixer. From 58 g 
of such dough representing 35 g of flour, 12.5 g wet gluten were ob- 
tained by the WBCF method. Thus, from the most severely me- 
chanically treated dough, gluten could be separated by this method. 

Repeated Mixing after the Addition of Starch. Prolonged mixing of 
a dough made stiff by the repeated additions of starch after it was suc- 
cessively made slack by overmixing will eventually intermingle the 
gluten with the starch granules so that separation becomes difficult even 
by the WBCF method. After a dough had been mixed 12 min (4A), 
5 g of starch were added and the dough remixed for 8 min. This was 
repeated twice more. Each addition of 5 g of starch stiffened the 
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dough. The first 5 g raised the peak of the mixogram to the same 
height as the first peak. The second and third additions of starch each 
progressively raised the peak. Thus the dough which had been made 
slack by overmixing must have had enough water to wet this added 
15 g of starch. The 9.5 g gluten wad obtained by the WBCF method 
was short but firm and after squeezing and working it was elastic. 

Addition of Sodium Chloride at Start of Mixing. The presence of 
0.7 g sodium chloride added at the same time as the water made the 
dough rather stiff, as shown by the wide swings of the pen (5A). The 
10.6 g gluten obtained after 18 min mixing using the WBCF method 
was short like the one obtained from 4A. 

Minute Intermingling of Gluten with Starch Granules. The repeated 
mixings after the successive additions of starch or the prolonged mixing 
- of dough made stiff with sodium chloride intermingled the gluten with 
the starch granules so minutely that separation even by the WBCF 
method was not readily accomplished. A tendency to scatter during 
the final washing process was noticed and the decreased amounts of 
gluten recovered indicated that losses of gluten had occurred. It seems 
that the assumed three-dimensional! fibrillar gluten network is more or 
less torn into shreds by the prolonged mixing. The more minute inter- 
mingling of the smaller gluten units with the starch granules makes the 
assembling into a wad more difficult. Some of these shreds seemed to 
be wound around starch granules in such a way that they were carried 
away with the wash water. Additional trials were made which indi- 
cated that if the remixing processes used for 4A and 5A were sufficiently 
prolonged, gluten separation would finally become practically impossi- 
ble even by the WBCF method. That the gluten was not decomposed 
or destroyed was evident from the properties of small amounts which 
separated. When gluten is partially decomposed it does not have the 
properties of that obtained from 4A and SA. 


Influence of High Ratio of Water to Flour 


Soft or Slack Doughs. Observations were frequently made on the 
influence of stiffness as determined by the ratio of water to flour on the 
rate of gluten development and dispersion. Some of these have al- 
ready been noted and more examples are presented in Figure 2 and 
data on gluten in Table II. Mixograms in line 1 were made from 
Chiefkan flour, protein 12.6%. The time in minutes required to reach 
the peak is less than one-half that for Tenmarq as shown in Figure 1 
and the time for descent is also correspondingly less. The band be- 
comes narrow soon after the peak has been reached. 

The amounts of wet gluten obtained by washing when mixing Chief- 
kan for either 4 or 94% min (1A and 1B) were the same as for doughs 
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mixed only to the peak. To handle these slack doughs it was only 
necessary to use starch on the hands. When the mixing was con- 
tinued for 20 min (1C) there was a tendency to scatter because of more 
thorough intermingling of starch with the gluten. 

That a high protein white wheat flour had mixing characteristics 
similar to Chiefkan is evident from comparing mixograms in lines 1 
and 2, Figure 2. The behavior in gluten washing was also similar 
except that when mixed 16 min (2C) it was necessary to use the WBCF 
method. 


Fig. 2. Influence of ratio of flour to water. (Explanation in Table II) 


Very Soft Doughs or Batters. The rest of the mixograms in Figure 2 
were started or made with 90% absorption. This produces a mixture 
more like a batter than a dough and is so slack that the pen at first is 
only slightly moved away from the base line. However, if the mixing 
is continued, the pen will finally rise and the band will widen as the 
minimum mobility of the dough is attained at the peak. The batter 
for 3A was mixed 29 min before the pen started a notable rise, and the 
dough was formed at 31.5 min. This dough was soft but coherent and 
the 14.0 g wet gluten were easily separated by washing. The shorter 
time for development of Chiefkan is shown in 3B. From this 14.2 g 
gluten were easily washed. 
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TABLE II 
INFLUENCE OF “RATIO OF FLouR TO WATER (FIG, 2) 


Mixo- 
gram | Mixing} Wet Treatment and observations 
letter | time | gluten 


CHIEFKAN FLOUR 


Gluten washed easily, using starch on hands. 
.7 | Gluten washed easily, using starch on hands. 
20 | 14.3 | Difficult to assemble by washing. 


HIGH PROTEIN IDAHO WHITE WHEAT 


Washed normally. 
Somewhat difficult to assemble. 
Used the WBCF method. 


oo 
> 
a 


USING 90% ABSORPTION 


Tenmarq mixed 32 min to peak. Dough was soft but 
gluten washed easily (100% abs.). 


part 
B- 5 | 14.2 | Chiefkan flour, gluten washed easily. 
4 A 25 | 11.5 | Gluten obtained by WBCF method. 
5 A 28 | 11.5 | Added 12 g starch at end of 16 min mixing, remixed for 
12 min. Used WBCF method. 
6 A 18 | 13.6 | Added 2 g NaCl at end of 16 min and 10 g starch at end 


of 1 min remixing. Remixed 1 min. Gluten ob- 
tained by washing. 

B 18 | 13.2 | Added 12 g starch at end of 17 min mixing and remixed 
1 min. Gluten obtained by washing. 


Another batter (4A) was mixed 18 min to the peak and 8 min © 
beyond. This overmixing made the dough very slack and sticky, but 
11.5 g gluten were obtained with the WBCF method. 

To another batter (5A) 12 g of starch were added after 16 min mix- 
ing. This made a stiff dough but the duration of minimum mobility 
was short. From this very slack and sticky dough produced by 12 min 
of mixing beyond the peak, 11.5 g gluten were obtained by the WBCF 
method. In 6A, 2 g sodium chloride were added and remixed 1 min 
without appreciably stiffening the batter. After 1 min remixing, 10 g 
starch were added and again mixed one minute. This so markedly 
increased the stiffness that the dough was easily handled in washing 
and assembling 13.6 g wet gluten. 

Batter 6B was mixed 17 min when 12 g starch were added and 
remixed for one min yielding 13.2 g gluten by washing. The greater 
ease of obtaining gluten from 6A and 6B as compared with 5A (Fig. 2) 
and 4A (Fig. 1) was due to the less mixing of dough after ‘t had been 
stiffened. Mixing very slack doughs or batters has only a small effect 
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on the dispersion of gluten to the point where separation by washing i is 
difficult or impossible. 


Contrast in Behavior in Mixing of Soft Doughs from 
Tenmarg and Cheifkan Flours 


The long-time mixing required for Tenmarq with 90% absorption 
and the short time for Chiefkan before the dough was developed is 
shown in 3A and 3B, Figure 2. Additional contrasts in behavior of 
Tenmarq and Chiefkan are shown in Figure 3 by use of increasing 


TENMARQ 


Fig. 3. Mixograms from increasingly soft doughs from Tenmarq and Chiefkan flours. Percen- 
tages of absorption are given in the numerals under the peaks. 


amounts of water starting with 58% absorption and ending with 97% 
in 3% intervals. From the 15 mixograms obtained from each flour 
were selected those presented in Figure 3. Percentages of absorptions 
are given on the mixograms. Glutens were washed from representative 
doughs and the amounts were similar to those obtained in connection 
with the mixograms in Figure 2. 

These mixograms, starting with stiff doughs and gradually changing 
to very soft in various grades of stiffness, show that the differences from 
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variety are magnified in the soft dough conditions. . Thus the time to 
reach the peak at 58% absorption is 234 min for Tenmarg and 1 min 
for Chiefkan. As the absorption is increased the time required to 
reach the peak for Tenmarq increases at a more rapid rate than for 
Chiefkan. Thus at 97% absorption the time to reach the peak for 
Tenmarg is 26 min and only 224 min for Chiefkan. The procedure 
of making mixograms starting with stiff doughs and proceeding to soft 
sponges was tried with a number of wheat varieties. It was found that 
greater differences were obtained with very soft doughs than when 
using the absorption optimum for baking, as is the usual practice. 

Figure 3 indicates that there is a big difference in the rate at which 
the gluten strands in Tenmarq and Chiefkan flours are arranged into 
the assumed three-dimensional fibrillar system which gives a dough the 
minimum mobility. The arranging of these strands is aided by the 
mechanical action of the dough mixer. The increase in resistance to 
the pull appears to result from a decrease in the thickness of the water 
films enveloping the gluten strands and starch granules. The adhe- 
siveness of these water films or their hold on the gluten strands is in 
inverse ratio to their thickness. Because of the small pull exerted in a 
soft sponge, the duration of the mechanical work must be much longer 
than for a stiff dough. 

In Chiefkan the behavior is such that the strands seem to be ar- 
ranged into a fibrillar system more rapidly than in Tenmarg. Swanson 
and Andrews (1944) showed that —SH groups make the mixogram pat- 
terns of Tenmarg like those of Chiefkan and again showed (1942) that 
surface active (wetting) agents made the mixograms of Chiefkan like 
those of Tenmarq. This suggests that the chemical constitution of the 
protein substance influences the mixogram patterns. 


Summary 

In dough made slack by extended treatment with the pull-fold- 
repull action of the mixograph or dough mixer used in making baking 
tests, gluten is finely dispersed among the starch granules. Such gluten 
is not readily separated by the process of washing in water. It has 
suffered no apparent change in constitution and may be separated as a 
rubbery wad by appropriate methods. Several possibilities of sepa 
rating out such gluten from dough made slack by extended mixing were 
tried: (1) adding fresh flour or starch to overmixed dough and remixing 
slightly; (2) adding dried ground gluten and remixing slightly; (3) use 
of the Waring Blendor together with the centrifuge. The addition of 
sodium chloride at the end of the mixogram was also tried. 

The use of the Waring Blendor together with the centrifuge was the 
best method for separating the gluten from the most severely treated 


ia 
; 


DOUGH DEVELOPMENT AND GLUTEN DISPERSION _ Vol. 22 


74 


doughs. By this method most of the starch is separated and then 
excess water in the foam is removed. Gluten from doughs mixed as 
long as 36 min in the mixograph or to a paste in a high-speed baking- 
test mixer was successfully separated. 

Dispersion of gluten which produces the difficulty in separation by 
washing takes place much more slowly in slack or very soft doughs than 
in stiff doughs. Gluten was readily separated from batters made stiff 
by the addition of starch. Very soft doughs, 90% absorption, mixed 
a long time stiffened into a soft dough from which gluten was readily 
washed. 

The rate at which a dough develops from a very soft dough of 
Tenmarq was much slower than for Chiefkan. Greater differences in 
mixogram patterns of Tenmarq and Chiefkan were obtained by using 
soft doughs than by using stiff doughs. 
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COMPARATIVE EFFECTS OF VARIETY AND ENVIRONMENT 
ON SOME PROPERTIES OF NORTH DAKOTA HARD 
RED SPRING WHEAT FLOURS' 


R. H. HArris, L. D. Srpsitt, and M. Scott 
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(Presented at the Annual Meeting, May 1944; received for publication May 26, 1944) 


Sandstedt and Fortmann (1944) showed that large differences in 
test weight, protein content, absorption, loaf volume, and mixing 
properties existed in Nebraska hard red winter wheats grown in dif- 
ferent locations. In some instances these differences were larger than 
those due to wheat variety. Since these authors presented an ade- 
quate summary of the pertinent literature, few references will be given 
in the present paper, which describes results secured from a study of 
the effects of varietal and environmental differences in various proper- 
ties of flours milled from eight hard red spring wheats grown at seven 
North Dakota stations in 1943. 


Experimental 

Materials. Long-patent flours which were used in this investigation 
were experimentally milled from sound wheat. The varieties and sta- 
tions are listed in the tables. The wheats are all being commercially 
grown in North Dakota with the exception of No. 3103, which is a 
comparatively new variety which has not been released. The stations 
are located in different sections of the state and represent a variety of 
soil and weather conditions. 

Methods. The wheats were milled in an Allis-Chalmers experi- 
mental mill, using the technique and flow sheet described by Sibbitt, 


1 Published with the approval of the Director of the Station. 
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Scott, and Harris (1943). The mill room had an approximate tem- 
perature and relative humidity of 70°F and 65%, respectively. Stand- 
ard analytical methods as described in Cereal Laboratory Methods 
(4th ed., 1941) were employed in the chemical determinations. The 
flours were aged for approximately 3 weeks at 75°F with frequent 
stirring before baking and securing the mixograms. 

Two baking methods were employed in assessing the baking quality 
of the flours, the 100-g method for the original flours and the micro 
method for the flours adjusted to a protein level of 12.0% with wheat 
starch.? Three of the flours’ protein contents were significantly below 
12.0%, and for these the micro loaf volumes were estimated by the 
method developed by Baten (1939) for securing reliable values when 
two or three observations are missing or unreliable. Fermentation 
times of 2 and 3 hours were employed. In the 2-hour fermentation, 
one punch was made 95 minutes after mixing; then the dough was 
panned after 25 minutes, and proofed for 55 minutes. Punching and 
molding were done manually, the latter on a strip of heavy canvas 
belting. 

The formulas used were the malt-phosphate-bromate and a rich 
formula, containing 2% yeast, 1.5% salt, 5% sugar, 0.001% KBrOs, 
0.2% malted wheat flour, 4% dried milk solids, and 3% shortening. 

The methods employed in’ obtaining the mixograms and estimating 
their numerical values have been described by Harris, Sibbitt, and 
Elledge (1944). The temperature and relative humidity of the mixo- 
graph were maintained at 30°C and 80%. 


TABLE I 


MEAN VARIETAL VALUES FOR FLOUR YIELD, AsH, PROTEIN 
CONTENT, AND LOAF VOLUMES 


3103 


Renown! Regent 


Factor 


Flour yield, % 722 71.2 73.4 | 68.9 
Flour ash, % 0.43} 0.40] 0.42| 0.39] 0.44 0.45; 0.42] 0.38 
Flour protein, % 14.1] 14.1] 13.6] 13.6] 13.5] 13.3 13.2} 12.9 
Loaf volume, cc 3-hr | 732 724 698 666 679 690 651 628 
fermentation ! 
Loaf volume, cc 2-hr | 756 769 749 746 726 719 654 691 
fermentation 
Loaf volume (micro), | 157 156 159 153 156 151 149 159 
cc 12.0% protein 
level ! 
Loaf volume (micro), | 180 179 177 177 178 177 163 181 
. ce 12.0% protein 
level 2 


Note: Flour protein, ash, and yield expressed on 13.5% moisture basis. 
1 Malt-phosphate-bromate formula (3% sugar). 
2 Rich formula containing yeast 2%, salt 1.5%, sugar 5%, K BrO3 0.001%, malted wheat flour 0.2%, 


dried milk solids 4%, shortening 3%. 


2Starch was prepared from a hard red spring wheat flour and had the ‘‘amylodextrin" fraction 
removed. The starch was washed once with distilled water and dried. 
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Results 


Table | shows the varietal means for flour yield, flour ash, and pro- 
tein content, and the loaf volumes secured by the different baking 
methods. The corresponding mean values for the seven stations at 
which the wheats were grown are shown in Table II, and an analysis 


TABLE II 


MEAN ENVIRONMENTAL VALUES FOR FLOUR YIELD, AsH, PROTEIN 
CONTENT, AND LoAF VOLUME 


Het- Lang- 
tinger don 


Flour yield, % 67.7} 72.2) 71.0} 73.7 
Flour ash, % 0.54] 0.41] 0.53] 0.48 
Flour protein, % 14.7} 14.5] 14.0] 13.8 
Loaf volume, cc 3-hr 741 781 701 740 
fermentation ! 
Loaf volume, cc 2-hr 764 823 746 741 
fermentation ! 
Loaf volume (micro), cc 12.0% | 149 159 150 164 
protein level ! 
Loaf volume (micro, cc 12.0% | 171 185 179 174 
protein level ? 


Park Edge- 


Factor River ley 


Fargo 


Note: Flour protein, ash, and yield — on 13.5% moisture basis. 


1 Malt-phosphate-bromate formula (5% sugar). 

? Rich formula containing yeast 2%, salt 1.5%, sugar 5%, KBrOs 0.001%, malted wheat flour 
0.2%, dried milk solids 4%, shortening 3%. 
of covariance for the flour protein and loaf volume data obtained by 
the two 100-g methods is summarized in Table III. 

The flour yields and ash values were also analyzed statistically and, 
like the data for protein and loaf volume, showed highly significant dif- 
ferences. These are greater for the stations than for the varieties so 


TABLE III 


ANALYSIS OF COVARIANCE OF FLOUR PROTEIN AND LOAF VOLUME OBTAINED 
BY Two BAKING METHODS 


Variance Covariance 


Correlation coeffi- R : 
Source of variation Loaf volume cients. Flour protein wml 
Flour X loaf volume ae 
protein 


3-hr 2-hr 3-hr 2-hr 2-hr 


Between 1.198] 8,783.08 | 10,162.3*| +0.93? | +0.84 77.91 
varieties j 

Between 8.56% | 48,511.3*| 33,070.5?| +0.93? | +0.922 57.33 
stations 
Error 42 | 0.27 | 1,157.1 | 1,774.4 
Total 55 +0.88? | +0.867 


1 For regression of loaf volume on flour protein. 
2 Significant at the 1% point. 
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71.6| 72.1] 72.6 
0.47| 0.42| 0.48 et 
13.5] 12.6| 11.8 
646 | 601 | 574 
699 | 691 | 619 
159 | 156 | 146 
176 | 182 | 168 
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that environment had the greater effect on the characteristics of the 
wheat. Thus, the range in flour yield among varieties is 4.5%, as 
compared with 6.0% among stations; for varieties the range in flour 
protein content is 1.2%, and for stations 2.9%. Similarly, the range in 
loaf volume (3-hour fermentation) is 104 cc for varieties and 207 cc 
for stations. 

In Figure 1 the mean loaf volumes for the different varieties by the 
100-g method (3-hour fermentation) are compared with those obtained 
by the two micro methods. The corresponding comparisons for the 
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Fig. 1. Comparative loaf volumes obtained from the wheat varieties by three baking methods. 
The 100-g method with 3-hour fermentation was used on the flours at original protein content, while 
the micro loaves were secured from flours with the protein level adjusted to 12.0%. Values shown 
for the 100-g method are original loaf volumes—550. 
seven stations are made in Figure 2. As would be anticipated, the 
influence of both variety and environment on loaf volume is more pro- 
nounced when the flours were tested at their original protein content 
than when the flours were adjusted to a constant protein level. Never- 
theless, analyses of variance showed that the differences in loaf volume 
due to variety and station were significant. 

Mixogram Pyoperties. Determinations were made of dough de- 
velopment stage, range of dough stability, curve height, and width at 
a uniform protein level, 12.0%. Large differences among the variety 
and station means were evident for dough development and dough 
stability, as found by Harris, Sibbitt, and Elledge (1944). Curve 
patterns for five of the wheat varieties grown at five stations are shown 
in Figure 3. The long dough development pattern of Vesta contrasts 
with the much shorter time of Mida. Wheats grown at Hettinger 
tended to have longer dough development and dough stability than 
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the same wheats grown at Langdon or Dickinson. Mida, at Hettinger, 
produced a very similar curve to Thatcher grown at Dickinson, em- 
phasizing the influence of environment on curve pattern. These con- 
clusions were confirmed by numerical estimations of dough develop- 
ment and stability. 

The differences were larger for the unfermented doughs. An 
analysis of covariance was applied to the curve height and width data, 
and the results are presented in Table IV. Very significant differences 
in curve height are evident between varieties and stations, while for 
curve width significant differences existed between varieties and be- 
tween stations for unfermented doughs. A relationship is shown be- 
tween unfermented and fermented doughs for both curve properties 
between varieties. 

TABLE IV 


ANALYSIS OF COVARIANCE FOR CURVE HEIGHT AND WIDTH FROM UNFERMENTED 
AND FERMENTED MIXES 


Variance Correlation coefficients 
De- 
Source of variation sot Curve height Curve width Curve height} Curve width 
ree- 
ou Unfer- Fer- Unfer- Fer- Unfermented| Unfermented 
mented | mented | mented | mented | X fermented! X fermented 
Between varieties 7 | 0.29? | 0.222 | 0.07! |' 0,092 0.77! 0.67 
Between stations 6 | 0.167 | 0.22? | 0.222 | 0.05 0.32 0.72 
Error 42 | 0.05 0.04 0.03 0.02 
Total 55 0.43? 0.41? 


1 Significant at the 5% point. 2 Significant at the 1% point. 


The results secured from this investigation are somewhat at vari- 
ance with those obtained by Waldron, Harris, Stoa, and Sibbitt (1942), 
but the two studies were conducted on wheat produced in different 
years and would therefore be subject to variations in environmental 
conditions. The 1943 growing season in North Dakota caused excep- 
tionally large variations in flour properties, and in some years there is 
little doubt that environment would have less influence than variety. 
There is evidence that environment not only affects protein quantity, 
but also causes variations in protein quality, as pointed out by Sand- 
stedt and Fortmann (1944). Waldron et al (1942) thought that pro- 
tein quality was modified by high temperatures, particularly at night, 
previous to mid-July. 


Summary 
Long-patent flours were experimentally milled from 56 samples of 
hard red spring wheat grown in 1943 in North Dakota. These wheats 
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consisted of eight varieties each grown at seven stations under com- 
parable conditions. The flours were analyzed for protein and ash, 
and baked by two fermentation procedures. In addition, the flours 
were diluted to a common protein level of 12.0% with wheat starch, 
and rebaked by two micro methods. Mixograms were also secured on 
the diluted flours. 

Very significant variations in flour yield, flour ash, flour protein 
content, and loaf volume existed between varieties and environment, 
with the latter exerting the major influence. 

Significant differences in loaf volume were also shown between 
varieties and stations for both micro baking methods at the uniform 
protein level, indicating differences in protein quality, due to both 
varietal and station influences. 

Mixograms secured at a uniform protein level showed significant 
variations between varieties and environments for dough development 
stage, range of dough stability, curve height, and width. 
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BOOK REVIEW 


Advances in Protein hg sag By M. L. Anson and John T. Edsall. xi and 
341 pp. Academic Press, Inc., New York. 1944. Price $5.50. 


This is the first volume of a series designed to present the most recent advances 
in protein chemistry. The various sections are written by men who are able to inte- 
grate and to evaluate the diverse findings in the particular fields of which they write. 
Copious references are given and the reviewer is impressed with the large number of 
citations to recent publications; in most cases it was possible to refer to previous 
reviews of the earlier literature. The eight subjects considered group themselves 
according to two types of treatment: five emphasize the preparation and the proper- 
ties of specific classes of native proteins and three deal with certain properties common 
to most proteins. 
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In this volume particular emphasis is given to five classes of native proteins as 
components of complex The lipoproteins are reviewed by Erwin 
Chargaff; the structural proteins by Francis O. Schmitt; the preparation and proper- 
ties of certain hormone proteins (from the pituitary gland, the urine of pregnant 
women, and from pregnant mare serum) by Bacon F. Chow; the nucleoproteins by 
Jesse F. Greenstein; and the proteins of skeletal muscle by Kenneth Bailey. In prac- 
tically every case the methods of isolation and purification are considered in relation 
to the native protein. The usual criteria of purity (solubility, behavior in the ultra- 
centrifuge and upon electrophoresis, and analytical data) are discussed in so far as 
these contribute to the problem of characterizing the proteins. In some cases the 
findings from the use of the x-ray, the electron microscope, and from polarized light are 
also considered. The biological roles are, by the nature of the project, given a lesser 
treatment but are not overlooked. 

The section on ‘Some Contributions of Immunology to the Study of Proteins” 
is written by Henry P. Treffers. After an introduction to define terms and to outline 
the techniques employed, he reviews the studies on the specificity of proteins as 
antigens and concludes an excellent summary by stating that “although the applica- 
tions to protein structure are not as conclusive as the protein chemist might prefer, 
they are perhaps not less significant than are those from most other lines of evidence.” 
D. H. Greenberg reviews the interaction between the alkali earth cations and proteins. 
Most of his discussion is devoted to the calcium ion because it is involved in several © 
physiological phenomena. The methods for measuring the extent of interactions are 
primarily considered with brief reference to the biological roles in which such bindings 
may play apart. Subject to the limitations recognized by the author it is postulated 
that in proteins the carboxyl and the hydroxyl groups serve to bind the alkali earth 
ions. 

Of particular interest to the cereal chemist is the section on ‘“‘ Soybean Proteins 
in Human Nutrition’’ by D. S. Payne and L. S. Stuart. They point out that our 
national crop of soybeans in 1943 yielded over five billion pounds of protein, which 
was slightly less than that obtained “in 1942 in the form of beef, veal, lamb, mutton, 
pork, edible packing house by-products, eggs, milk, chicken, turkey, beans, and green 
peas.” Of the soybean protein, 97% is used for feed and food purposes, of which 
one-seventh is for human consumption. The main emphasis is upon the high nutri- 
tive value of the soybean proteins as deduced from analyses for the amino acid content 
and from digestibility runs and feeding trials on experimental animals; the feeding 
studies have often been made by employing the soybean proteins as supplement to 
other feeds. The improvement in nutritive value upon cooking is recognized to- 

ether with the limitations. Some attention is given to the problem of the bitter 
vor and the authors conclude that “making soybean proteins acceptable to the 
public will depend in a large part upon two factors: namely, (1) the production of 
soybean products free from bitter objectionable flavors, and (2) the development of 
suitable technique for flavoring and blending soybean products with other foods.” 

The authors are to be commended for their clear and comprehensive surveys 
which set a standard for future volumes. 


W. M. SANDsTROM, 
Division of Agricultural Biochemistry, 
University of Minnesota, 
St. Paul, Minnesota 
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ON THIS 
ENRICHMENT 
“CUSHION” 


Be sittin’ pretty—and on the safe side, too—whenever you enrich cereal products, by 
’ always having at hand and using Winthrop’s Red Label ‘‘B-E-T-S”’, ““VExTRAM”, 
or RIBOFLAVIN MIXTURE. At remarkably low cost, these Winthrop products 
assure dependable protection against undue losses and variations in natural vita- 


min-mineral content of cereals. 


FOR BREAD-ENRICHMENT 


B-E-T-S*— Bread-enrichment tablets which pro- 
vide all four nutrients—vitamin Bi, niacin, 
riboflavin and iron—in easy-to-use tablet form 
for enrichment accuracy and economy. 


FOR FLOUR-ENRICHMENT 


VextraM* — All-purpose flour-enrichment mix- 
ture. Its safety factor protects against inadequate 
enrichment due to variations in natural vitamin- 
mineral content of wheat at no extra cost. 


*Combination of starch base carriers developed and first 


used by Winthrop Chemical Company, Inc. 

Address Inquiries to — 

WINTHROP CHEMICAL COMPANY, INC. 
170 Varick Street, New York 13, N.Y. 


FOR FEED 
WINTHROP RIBOFLAVIN MIXTURE* — Free-flowing 
concentrate designed to maintain high ribo- 
flavin content in mixed feeds. Every ounce 
provides 1 gram—1,000,000 micrograms—of 


riboflavin. 


Stocked for quick delivery at New York, 
Chicago, Kansas City (Mo.), Denver, San 
Francisco, Portland (Ore.), Dallasand Atlanta. 


Crystalline Crystalline 
VITAMIN VITAMIN C 


d-iso-ASCORBIC ACID 
RIBOFLAVIN VITAMIN Be 
CALCIUM PANTOTHENATE 
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pT OTHER WINTHROP NUTRIENTS 


INFORMATION IN 
THIS BULLETIN 


will help you to 
insure high 
quality standards 
for 
MILLED PRODUCTS 


Write for free copy of this interest- 
ing bulletin, containing 6 pages of in- 
formative text and pictures on latest 
“ENTOLETER” applications, The 
mechanical “‘ENTOLETER” insures a 
new positive method of insect control 
for flour mills and food plants. It 
serves most effectively to protect 
quality of products and helps to avoid 
waste of vital materials. 


Independent tests, supports by actual 


lant performance records, show that the 
“ENTOLETER"” is 100% effective in 
destroying insect eggs and other forms of 
infestation in free-flowing dry materials. 


Approximately 3 ft. high by 2 ft. in 
diameter, “‘ENTOLETERS” are easily 
installed and to operate. 
} , ENTOLETER DIVISION, The Safety 
Others available to Car Heating & Lighting Company. Inc., 


handle =. .e 50 1153 Dixwell Ave., New Haven, Conn. 


INFESTATION DESTROYER 


REG. U.S PAT OFF 
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CAN DEPEND 


An all-hydrogenated vegetable oil shortening of 
exceptional stability. Excellent for all deep fry- 
ing purposes. Preferred by biscuit and cracker 
bakers, manufacturers of prepared biscuit, pie 
crust, and doughnut flours, and makers of other 
food products where rancidity troubles are to be 


General Offices 


avoided. 


SWEETEX 


The “High-Ratio” shortening. Especially de- 
signed to permit bakers to produce “High-Ratio” 
cakes, icings, and sweet yeast goods with superior 
eating and keeping qualities. 


PRIMEX 


The all-hydrogenated shortening “that sets the 
standard.” A quality shortening especially rec- 
ommended for doughnut frying, for pies, cook- 
ies and bread, and for other shortening purposes. 


PROCTER & GAMBLE 


Branches and warehouses in principal cities 


UPON THESE TOP-NOTCH 
SHORTENINGS . . . 


PRIMEX B&C 


CINCINNATI, OHIO 
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KJELDAHL EQUIPMENT eee 


eee TO SUIT YOUR REQUIREMENT 


Illustrated above is a 12-unit standard model combination 
Kjeldahl set-up with Multi-Tube distillation bank heated by ad- 
justable gas burners and Multi-Hood Tellurium lead fume exhaust 
equipped with single heat electric units. Such equipment, the 
most highly developed of its type, is available in multiples of six 
units, gas or electrically heated throughout, and with virtually 
innumerable modifications to suit the exact installation require- 
ment of your own laboratory. It will pay you to choose Precision- 
Kjeldahl whether you require a small portable unit or a full labora- 
tory installation. 


Write for Kjeldahl Bulletin 510 


PIRRCISION 


173054 NORTH SPRINGFIELD A 
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Adding Monsanto X-C Calcium Phosphate to your 
enriched flour may save up to 50% of the vitamin B; lost 
in baking. Why? Because vitamin B; is destroyed by. 
excess alkalinity. X-C Calcium Phosphate, extra rich in 
calcium, keeps enriched flour on 


the acid side. MonsaNTo CHEMICAL \G 
Company, Phosphate Division, St. 
MONSANTO 


*Extra Calcium 
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COVO Shortenings are always —— always dependable, made for 
the most exacting uses. 

COVO “'S.S." is the specially hydrogenated shortening for biscuit and 
cracker bakers, potato chip fryers, and other food products in which 
extra keeping quality and shelf life are desirable. 

COVO is outstanding for fine cakes and icings, sweet yeast doughs, 
cookies, piecrust — and for frying. 

COVO Super-Mix is the emulsifier shortening that gives extended 
freshness to cakes, icings, and sweet doughs. 

ALL COVO Shortenings are all-vegetable, all-hydrogenated, always 
uniform, There are no finer shortenings made. 


LEVER BROTHERS COMPANY - General Offices, Cambridge 39, Mass. 


COVO COVO SUPER-MIX | 


4,7 
| 
a 
eevee 
° 
e 
e e 
e 
e 
° 
e e 
e 
e 
° 
eeee 
| 
| ‘ 
4 
he 


SLOW-ACTING 
PHOSPHATE THAT 
SPEEDS UP 
SELF-RISING 
FLOUR SALES 


g Flour 


Some like ’em thin... some like ’em tall... there’s no 
accounting for tastes when it comes to biscuits. 


Some men are keen about those tall biscuits you get only 
with V-90 self-rising flour. Other men prefer thinner bis- 
cuits . .. more crust and less “insides” . . . the kind you get 
when a V-go biscuit dough is rolled thin (4”). 


But no matter how you roll ’em, thick or thin, those V-9go 
biscuits are always 33% lighter per unit of volume. When 
you rol] ’em shin, however, biscuit yield is increased 33%. 
You get a third more of the same light, fluffy, tender, ap- 
petite tempting V-90 biscuits per pound of flour! An ex- 
clusive advantage of V-90 self-rising flour. 


VICTOR Works 


WORLD'S LARGEST MANUFACTURERS OF FOOD PHATES 
141 WEST JACKSON BOULEVARD, CHICAGO 4, ILLINOIS 
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The government is easing up on many 
essential products. Now Despatch 
can assure you prompt delivery on 
cereal laboratory ovens. 

A Despatch Rotary Hearth Oven, 
Stationary Hearth Oven (cross flow), 
Laboratory Test Oven in your plant 
will provide the speed and accuracy 
in routine tests that you need. 

With this Despatch line you will be 
prepared to give more test bakes and 
run more moisture tests with accurate 
data to keep abreast of the increased 
demands on your department. 


Write Today for new bulletins for 
complete information on new fea- 
tures and range of sizes. Bulletin 195, 
Laboratory Test Oven. Complete in- 
formation on Rotary Hearth and 
Stationary Hearth Ovens. 


Watch for release. OVEN COMPANY minneapouis 


Oueas are Hau to 
CEREAL CHEMISTS 
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If you’re looking for a rapid, but 
thoroughly scientific, method of 
controlling flour maturity, it will 
‘pay you to give Agene a trial. 
Agene assures finer texture and a 


more favorable first impression”. 


NOVADELOX 


WALLACE & TIERNAN CO., INC., Agents for: 


NOVADEL-AGENE 


BELLEVILLE, NEW JERSEY 
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AGENE MATURITY 
FOR STANDARDIZED 
COLOR 


